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Background of the Invention 

5 [0001] The present invention relates to a therapeutic agent for various kinds of inflammatory disease. 

[0002] It is known that various inflammatory diseases, rheumatoid diseases, immunoreactive diseases, cancer me- 
tastasis and viral diseases are caused by the abnormal production of inflammatory cytokines and matrix metallopro- 
tease and also by the increase in the expression of inflammatory cell adhesion molecules. 

[0003] Although various medicines for these diseases were developed in the prior art, further development of a 
10 medicine having a stronger efficiency, higher safety and weaker side effects is demanded. 

[0004] The pathophysiological states of various chronic inflammatory diseases are considered to be caused by the 
continuous production of inflammation mediators such as cytokines [particularly, inflammatory cytokines including IL- 
1, IL-2, IL-6, IL-8 and tumor necrosis factor (TNF)], adhesion molecules, tissue destroying enzymes (such as matrix 
metalloprotease), etc. by the continuous extracellular stimulation. 
15 [0005] The inflammatory mediators are produced because the gene expression is activated by the extracellular stim- 
ulation. A substance having the most important role in this step is a transcription factor known as AP-1 or NF-kappa 
B. Namely, it is expected that when the activation of AP-1/NF-kappaBcan be inhibited, the development of inflammation 
and the advance thereof Into chronic stage can be prevented and that such a method will be a hopeful treatment of 
inflammatory diseases such as rheumatoid arthritis and various autoimmune diseases. 
20 [0006] Glucocorticoid hormone (GC) which strongly inhibits the activation of intracellular AP-1 and NF-kappa B has 
been used as a powerful anti-inflammatory agent and immunosuppressant. However, the use of GC as a medicine is 
limited because it has various side effects due to hormonic action thereof and it causes rebound phenomenon. 

Disclosure of the Invention 



[0007] An object of the present invention is to provide a new compound effective to cure chronic inflammatory disease 
with high activity and fewer side effects. 

[0008] Another object of the present invention is to provide a pharmaceutical composition comprising corresponding 
new compound. 

30 [0009] After intensive investigations made for the purpose of finding compounds having a strong activity of inhibiting 
the activation of AP-1 and NF-kappa B and useful as a strong remedy for chronic inflammatory diseases, the inventors 
have found that compounds of general formula (I) which will be described below have this effect. The present invention 
has been completed on the basis of this finding. 

[001 0] That is, the present invention provides a heterocyclic compound represented by the following general formula 
35 (I) or a pharmaceutical^ acceptable salt thereof. 



wherein R 1 is a cycloalkyl group, a cycloalkyl group having a substituenl(s), a cycloalkenyl group or a cycloalkenyl 
group having a substituent(s), each R 2 and R 3 is a hydrogen atom or an alkyl group, R 4 is an alkyl group, an alkyl 
group having asubstituent(s), an alkenyl group, an alkenyl group having a substituent(s), a cycloalkyl group, a cycloalkyl 

so group having a substituent(s), a cycloalkenyl group, a cycloalkenyl group having a substituent(s), an aryl group, an 
aryl group having a substituent(s), an aromatic heterocyclic group having at least one hetero-atom within a ring or an 
aromatic heterocyclic group having a substituent(s) and at least one hetero-atom within a ring; A is a heterocyclic ring 
or a heterocyclic ring having a substituent(s); B is an aromatic ring, an aromatic ring having a substituent(s), a hete- 
rocyclic ring or a heterocyclic ring having a substituent(s); n is an integer selected from 0 to 6; -Y- is an interatomic 

55 bond, -CO-, -CO-O-, -CO-NR 5 -, -CS-NR 6 -, -SO-, -S0 2 - wherein each R 5 and R 6 is a hydrogen atom or an alkyl group; 
and -X- is an interatomic bond, -O-, -O-CHR 7 -, -CHR 8 -0-, -O-CO-. -CO-O-, -O-CS-, -CS-O-, -S-, -SO-, -S0 2 -, -S-CHR 9 -, 
-CHR 10 -S-, -S-CO-, -CO-S-, -S-CS-, -CS-S-, -S0 2 -NR 11 -, -NR 12 -S0 2 -, -NR 13 -, -NR 14 -CHR 15 -, -CHR 16 -NR17-, -CO-, 
-C(=NOR 18 )-, -C(=CHR 1 9)-, -CO-CHR 20 -, -CHR 21 -CO-, -CO-NR 22 -, -NR 23 -CO-, -CR 24 R 2 5-, -CHR^-CHR 2 ?-, 
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-CR 28 =CR 29 -, -O-CHR^-CHR 3 *- wherein each R 7 , R 8 , R 9 , R 10 , R 15 , R 16 , R 20 , R 21 , R 24 R 28 , R 29 , R 30 and R 31 is either 
of a hydrogen atom or an alkyl group; each of R 11 , R 12 R 13 , R 14 , R 17 , R 18 R 19 , R 22 and R 23 is either of a hydrogen 
atom, an alkyl group or an acyl group; each of R 26 and R 27 is either of a hydrogen atom, a hydroxy group or an alkyl 
group; and R 25 is a hydrogen atom, a hydroxy group, an alkyl group, an alkyl group having a substituent(s), a mercapto 
5 group, an alkoxy group, an alkylthio group, an acyloxy group, an amino group, an alkylamino group, an amino group 
substituted with an amino protective group, acarboxyl group, an alkoxycarbonyl group, an aminocarbonyl group, or a 
cyano group, 

[0011] Further, the present invention provides an AP-1 or NF-kappaB activation inhibitor, an inflammatory cytokine 
production inhibitor, a matrix-metalloprotease production inhibitor and an inflammatory cell adhesion factor expression 

10 inhibitor, each of which comprises, as an active ingredient, the above-described heterocyclic compound or a pharma- 
ceutically acceptable salt thereof, and these can be used as an anti- inflammatory agent, an anti-rheumatism agent, 
an immuno-suppressive agent, a cancer metastasis inhibitor, an antiviral agent or a curative agent for arterial sclerosis, 
[0012] it is to be noted that a heterocyclic compound or a pharmaceutically acceptable salt thereof according to the 
present invention, in which R 1 is a cycloalkyl group having a substituent(s), may be more effective. Among these, 

'5 compounds wherein R 1 is a cyclopropyl group having a substituent(s), more specifically either of a 2,2-dimethytcyclo- 
propyl group or a 2,2-dichlorocyclopropyl group are of high activity. Among these, higher activity can be obtained by 
compounds wherein R 4 is 2,2-dimethylcyclopropyl group or 2,2-dichlorocyclopropyl group, -Y- is -CO- and n=0; or 
compounds wherein R 4 is an aryl group or an aryl group having a substituent(s), -Y- is -CO- and n=1 ; or compounds 
wherein R 4 is an aryl group or an aryl group having a substituent(s), -Y- is an interatomic bond and n is 1 or 2. 

20 

Best Mode for carrying out the Present Invention 

[0013] Examples of the halogen atom in the present invention include a fluorine atom, a chlorine atom, a bromine 
atom and an iodine atom. 

[0014] The alkyl group means a straight-chain or branched-chain alkyl group having 1 to 6 carbon atoms such as a 
methyl group, an ethyl group, a n-propyl group, an isopropyl group, a n-butyl group, an isobutyl group, a sec-butyl 
group, atert-butyl group, a n-pentyl group, an isopentyl group, a tert-pentyl group, a neopentyl group, a 2-pentyl group, 
a 3-pentyl group, a n-hexy! group and a 2-hexyl group, wherein the methyl group and the ethyl group are preferable 
[0015] The alkenyl group means a straight-chain or branched-chain alkenyl group having 1to 6 carbon atoms such 
as a 1-propenyl group, an allyl group, an isopropenyl group, a 1-butenyl group and a2-butenyl group. 
[0016] The cycloalkyl group means a cyclic alkyl group having 3 to 6 carbon atoms such as a cyclopropyl group, a 
cyclobutyl group, a cyclopentyl group and a cyclohexyl group, wherein the cyclopropyl group is a preferable cycloalkyl 
group. 

[0017] The cycloalkenyl group means a cyclic alkenyl group having 3 to 6 carbon atoms such as a cyclopropenyl 
group, a cyclobutenyl group, a cyclopentenyl group and a cyclohexenyl group. 

[0018] The hetero atom means specifically, for example, an oxygen atom, a sulfur atom and a nitrogen atom, wherein 
nitrogen atom is preferable. 

[0019] The an aryl group means specifically, for example, a phenyl group, an indenyl group, a naphthyl group and 
a fluorenyl group, wherein phenyl group is preferable. 

[0020] The aromatic heterocyclic group having at least one hetero atom means specifically, for example, a pyranyl 
group, a pyridyl group, a pyridazyl group, a pyrimidyl group, a pyrazyl group, a furyl group, a thienyl group, a pyrrolyl 
group, an oxazolyl group, an isoxazolyl group, athiazolyl group, an isothiazolyl group, an imidazolyl group, a triazolyl 
group, atertazolyl group, a pyrazolyl group, afurazanyl group, athiadiazolyl group and a indolyl group, wherein pyridyl 
group, pyrimidyl group, imidazolyl group and triazolyl group are preferable, and among them pyridyl group is more 
preferable. 

[0021] The acyl group means a formyl group, an acyl group having a straight-chain, a branched-chain or a cyclic 
alkyl group having 1 to 6 carbon atoms or an acyl group having a substituted or unsubstituted aryl group, and specifically, 
it includes, for example, a formyl group, an acetyl group, a propionyl group, a butyloy! group, an isobutyloyl group, a 
valeloyl group, an isovaleloyl group, a pivaloyl group, a hexanoyl group, an acryloyl group, a metacryloyl group, a 
crotonoyl group, an isocrotonoyl group, a benzoyl group and a naphthoyl group. 

[0022] The acyloxy group means a formyloxy group or an acyloxy group having a straight-chain, a branched chain 
or a cyclic alkyl group having 1 to 6 carbon atoms or an acyloxy group having an substituted or unsubstituted aryl 
group, and specifically, it includes, for example, a formyloxy group, an acetoxy group, a propionyloxy group, a buty- 
loyloxy group, an isobutyloyloxy group, a valeloyloxy group, an isovaleloyloxy group, a plvaloyloxy group, a hexanoyloxy 
group, an acryloyloxy group, a metacryloyloxy group, a crotonoyloxy group, an isocrotonoyloxy group, a benzoyloxy 
group and a naphthoyloxy group. 

[0023] The alkoxy group means an alkoxy group having a stragith chain, a branced chain or a ring alkyl group having 
1 to 6 carbon atoms such as a methoxy group, an ethoxy group, a n-propoxy group, an isopropoxy group, a n-butoxy 
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group, an isobutoxy group a sec-butoxy group, a tert-butoxy group : a cyclopropyloxy group, a cyclobutoxy group, a 
cyclopentyloxy group and a cyclohexyloxy group, wherein methoxy group and ethoxy group are preferable. 
[0024] The alkylthio group means an alkylthio group having a straight-chain, a branched-chain or a ring alkyl group 
having 1 to 6 carbon atoms such as a methylthio group, an ethylthio group, a n-propy\thio group, an isopropylthio group, 
5 a n-butylthio group, a isobutylthio group, a sec-butylthio group, a tert-butylthio group, a cyclopropylthio group, a cy- 
clobutylthio group, a cyclopentylthio group and a cyclobutylthio group. 

[0025] The alkylamino group means an amino group mono-substituted or bi-substituted with alkyl group, the alkyl 
group including those having been specified in above description of the "alkyl group". Specifically, the alkylamino group 
includes, for example, an amino group, a methylamino group, an ethylamino group, a propylamino group, an isopro- 
10 pylamino group, a dimethylamino group, a diethylamino group, a dipropylamino group, a diisopropylamino group and 
a methylethylamino group 

[0026] The amino protective group means a normally used protective group, including unlimitedly those substances 
that can protect the amino group against various reactions. Specifically, the amino protective group includes an acyl 
group such as a fomnyl group, an acetyl group and a pivaloyl group; and an alkoxycarbonyl group such as a methox- 
15 ycarbonyl group, an ethoxycarbonyl group, a tert-butoxycarbonyl group and a (fluorene-9-yl) methoxycarbonyl group. 
[0027] The alkoxycarbonyl group includes specifically, for example, methoxycarbonyl group, ethoxycarbonyl group, 
a propoxycarbonyl group, an isopropoxycarbonyl group, a n-butoxycarbonyl group, an isobutoxycarbonyl group, asec- 
butoxycarbonyl group and a tert-butoxycarbonyl group. 

[0028] In the description of R 1 , the term "having a substituent(s)" in the expressions "a cycloalkyl group having a 

20 substituent(s)", "a cycloalkenyl group having a substituent(s)" and "a cyclopropyl group having a substituent(s)" means 
being substituted with at least one or more substituents, wherein the substituents may be the same or different and a 
position of the substituent(s) is not specifically limited but may be arbitrarily determined Specifically, the term includes, 
for example, a halogen atom, an alkyl group, a substituted alkyl group, a carboxyl group, an alkoxycarbonyl group, a 
cyano group, an alkylamino group, and an amino group substituted with an amino protective group. 

25 [0029] In the description of R 4 the term "having a substituent(s)" in the expression "an alky! group having a substituent 
(s)" means being substituted with at least one or more substituents, wherein the substituents may be the same or 
different and a position of the substituent(s) is not specifically limited but may be arbitrarily determined. Specifically, 
the term includes, for example, a halogen atom, a hydroxy group, an alkoxy group, a carboxyl group, an alkoxycarbonyl 
group, a cyano group, an alkylamino group, and an amino group substituted with an amino protective group. 

30 [0030] In the description of R 4 , the term "having a substituent(s)" in the expressions "a cycloalkyl group having a 
substituent(s)" and "a cycloalkenyl group having a substituent(s)" means being substituted with at least one or more 
substituents, wherein the substituents may be the same or different and a position of the substituent(s) is not specifically 
limited but may be arbitrarily determined. Specifically, the term includes, for example, a halogen atom, a hydroxy group, 
an alkoxy group, a carboxyl group, an alkoxycarbonyl group, a cyano group, an alkylamino group, and an amino group 

35 substituted with an ammo protective group. 

[0031] In the description of R 4 , the term "having a substituent(s)" in the expressions "an aryl group having a substit- 
uents)" and "an aromatic heterocyclic group having one or more hetero atoms having a substituent(s)" means having 
one to three substituents on the ring, wherein the substituents may be the same or different and a position of the 
substituent(s) is not specifically limited but may be arbitrarily determined. Specifically, the term includes, for example, 

^0 a halogen atom, an alkyl group, a substituted alkyl group, a hydroxy group, an alkoxy group, a carboxyl group, an 
alkoxycarbonyl group, a cyano group, an alkylamino group, and an ammo group substituted with an amino protective 
group. 

[0032] The term "heterocyclic ring" in the expression "a heterocyclic ring or a heterocyclic ring having a substituent 
(s)" in the description with reference to A and in "a heterocyclic ring or a heterocyclic ring having a substituent(s)" in 

45 the description with reference to B is used to mean a heterocyclic ring comprising a single ring or two rings with 5 to 
7 members consisting of carbon and nitrogen, oxygen, sulfur and so on, and includes specifically, for example, pyridine, 
dihydropyran, pyridazine, pyrimidine, pyrazine, triaztne, tetrazine, pyrrole, furan, thiophene, oxazole, isoxazole, thia- 
zoie, isothiazole, imidazole, triazole, pyrazole, furazan, thiadiazole, pyrrolidine, piperidine, piperazine, indole, benzo- 
pyrazole. benzoxazole, benzothiazole, benzoimidazole, benzofuran. benzothiophene, pyrazolopyndine, quinoline, iso- 

50 quinoline, naphthylidine and benzodiazepine. Preferably, the heterocyclic ring should be the one shown in the following 
diagram, and more preferably pyridine. It is to be noted that for those bonds in both sides with respect to A and B, i. 
e., the bonds of NR 2 and X with A and the bonds X and NR 3 with B. the bond positions of them are not limited but may 
be arbitrarily determined. 

55 
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[0033] In the above formulas, the first two formulas are preferred. 

[0034] The term "aromatic heterocyclic ring" in the expresion "an aromatic heterocyclic nng or an aromatic hetero- 
cyclic ring having a substituent(s)" in the description with reference to A and "an aromatic heterocyclic ring or an 
aromatic heterocyclic ring having a substituent(s)" in the description with reference to B represents an unsaturated 
55 aromatic heterocyclic ring comprising a single ring or two rings with 5 to 7 members consisting of carbon and nitrogen, 
oxygen, sulfur and so on, and includes specifically, for example, pyridine, dihydropyran, pyridazine, pyrimidine, pyra- 
zine, tnazine, tetrazine, pyrrole, furan, thiophene, oxazole, isoxazole, thiazole, isothiazole, imidazole, triazole, pyrazole, 
furazan, thiadiazole, indole, benzopyrazole, benzoxazole, benzothiazole, benzoimidazole, benzofuran. benzothi- 
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ophene, pyrazolopyridine, quinoline, isoquinoline, naphthylidyne and benzodiazepine 

[0035] The term "an aromatic ring" in the expression "an aromatic ring or an aromatic ring having a substituent(s)" 
in the description with reference to B represents an aromatic ring comprising a single ring or two rings consisting of 
carbon atoms, and includes specifically, for example, benzene, naphthalene, indene and naphthalene, wherein ben- 
5 zene is preferable. It is to be noted that the positions of the bonds at both sides with respect to B, i.e., the bonds with 
X and NR 3 , are not specifically limited but may be arbitrary determined. 

[0036] The term "having a substituent(s)" in the expression "a heterocyclic ring having a substituent(s)" in the de- 
scription with reference to A and "an aromatic ring having a substituent(s)" in the description with reference to B means 
having one to three substituents on the ring, wherein the substituents may be the same or different and the position 
10 of the substituent(s) is not specifically limited but may be arbitrarily determined. Specifically, the term includes, for 
example, a halogen atom, an alkyl group, a substituted alkyl group, a hydroxy group, an alkoxy group, a carboxyl group, 
an alkoxycarbonyl group, a cyano group, an alkylamino group or an ammo group substituted with an amino protective 
group. 

[0037] As heterocyclic compounds represented by the general formula (I) in claim 1 and pharmaceutical^ acceptable 

*5 salts thereof, the preferred are those wherein B is a phenylene group; R 1 is a cycloalkyl group having a substituent(s) 
or a cycloalkenyl group having a substituent(s); R 2 is a hydrogen atom or an alkyl group; R 3 is a hydrogen atom or an 
alkyl group; R 4 is an alkyl group which may be substituted, a cycloalkyl group which may be substituted, a cycloalkenyl 
group which may be substituted, an ary) group which may be substituted or an aromatic heterocyclic ring group which 
may be substituted and also has one or more hetero atoms; -X- is -O-. -O-CHR 7 -, -CHR 8 -0-, -O-CO-, -CO-O-, -O-CS-, 

20 -CS-O-, -S-, -SO-, -S0 2 -, -S-CHR 9 -, -CHR 10 -S-, -S-CO-, -CO-S-, -S-CS-, -CS-S-, -S0 2 -NR 11 -, -NR 12 -S0 2 -, -NR 13 -, 
-NR 14 -CHR 15 -, -CHR 16 -NR 17 -. -CO-, -C(=NOR 18 )-, -C(=CHR 19 )-, -CO-CHR 20 -, -CHR 21 -CO-, -CO-NR 22 -, -NR 23 -CO-, 
-CR 24 R 25 -,-CHR 26 -CHR 27 -or-CR 28 =CR 29 - wherein R 7 , R 8 , R 9 , R 10 . R 20 , R 21 , R 24 R 28 and R 29 are either of a hydrogen 
atom or an alkyl group; R 11 3 R 12 R 13 . R 14 R 17 , R 18 , R 19 R 22 and R 23 are either of a hydrogen atom, an alkyl group 
or an acyl group; R 15 and R 16 are a hydrogen atom or an alkyl group; R 26 and R 27 are either of a hydrogen atom, a 

25 hydroxy group or an alkyl group: R 25 is a hydrogen atom, an hydroxy group, an alkyl group which may be substituted, 
a mercapto group, an alkoxy group an alkylthio group, an acyloxy group, an amino group which may be substituted 
with an alkyl group or an amino protective group, a carboxyl group, an alkoxycarbonyl group, an aminocarbonyl group, 
or a cyano group); n is the integer selected from 0 to 6; Y is -C(O)-; and A is an aromatic heterocyclic ring including at 
least one or more nitrogen atom. 

30 [0038] Further, as the heterocyclic compounds represented by the general formula (I) set out in claim 1 or pharma- 
ceutical^ acceptable salt thereof, the following compounds are preferable. 

[0039] Preferably, R 1 should be a cycloalkyl group having a substituent(s), more preferably a cyclopropyl group 
having a substituent(s), and most preferably either of a 2,2-dimethylcyclopropyl group, a 2,2-dichlorocyclopropyl group, 
a 2,2-difluorocyclopropyl group or a 2,2-dibromocyclopropyl group. Among them, 2,2-dimethylcyclopropyl group and 

35 2,2-dichlorocyclopropyl group are especially preferred. 

[0040] In the case where R 1 is a 2,2-dimethylcyclopropyl group having a substituent(s), preferably an absolute con- 
figuration of the carbon atom on the cyclopropyl group adjacent to the carbonyl group should be S. 
[0041] Preferably R 2 should be a hydrogen atom or a methyl group, and more preferably hydrogen atom. 
[0042] Preferably R 3 should be a hydrogen atom or a methyl group, and more preferably hydrogen atom. 

40 [0043] Preferably R 4 should be a cycloalkyl group having a substituent(s) or an aryl group having a substituent(s), 
more preferably cyclopropyl group having a substituent(s), and most preferably either of a 2,2-dimethylcyclopropyl 
group, a 2,2-dichlorocyclopropyl group, a 2,2-difluorocyclopropyl group or a 2,2-dibromocyclopropyl group Further, 
among them, 2,2-dimethylcyclopropyl group and 2,2-dichlorocyclopropyl group are especially preferred. 
[0044] In the case where R 4 is a 2,2-dimethylcyclopropyl group having a substituent(s), preferably the absolute con- 
figuration of the carbon atom on the cyclopropyl group adjacent to the carbonyl group should be S. 
[0045] Further, in the case where each of R 1 and R 4 is a 2 2-dimethylcyclopropyl group having a substituent(s), 
preferably the absolute configuration of the carbon atoms on the cyclopropyl group of R 1 adjacent to the carbonyl group 
should be S for both. 

[0046] Preferably, A should be either of an aromatic heterocyclic ring or an aromatic heterocyclic ring having a sub- 
50 stituent(s), and more preferably either of a pyridine, a pyndazine, a pyrimidine, a pyridine having a substituent(s), a 
pyridazine having a substituent(s) or a pyrimidine having a substituent(s). 

[0047] Preferably, B should be either of an aromatic ring, an aromahc ring having a substituent(s), an aromatic het- 
erocyclic ring or an aromatic heterocyclic ring having a substituent(s), and more preferably a benzene ring or a benzene 
ring having a substituent(s). 

55 [0048] Preferably, X should be an interatomic bond, -O-, -0-CHR 7 - ! -CHR 8 -0-, -S-. -NR 13 -, -CR 24 R 25 - or 
-O-CHR 30 -CHR 31 - wherein R 7 , R 8 , R 24 , R 30 and R 31 are either of a hydrogen atom or an alkyl group; R 13 is either of 
a hydrogen atom, an alkyl group or an acyl group; and R 25 is a hydrogen atom, a hydroxy group, an alkyl group, an 
alkyl group having a substituent(s), a mercapto group, an alkoxy group, an alkylthio group, an acyloxy group, an amino 



6 

BNSDOCID <EP 1193255A1_I_> 



EP1 193 255 A1 



group, an alkylamino group, an amino group substituted with an amino protective group, a carboxyl group, an alkoxy- 
carbonyl group, an am'mocarbony] group, oracyano group); and more preferably -X- should be -O-, -O-CHR 7 -, -CHR 8 - 
O, -S-. -NR 13 - or -CR 24 R 25 - wherein R 7 . R 8 and R 24 are either of a hydrogen atom or an alkyl group; R 13 is either of 
a hydrogen atom, an alkyl group or an acyl group; and R 25 is a hydrogen atom, a hydroxy group, an alkyl group which 
5 may be substituted, a mercapto group, an alkoxy group, an alkytthio group, an acyloxy group, an amino group which 
may be substituted with an alkyl group or an amino protective group, a carboxyl group, an alkoxycarbonyl group, an 
aminocarbonyl group, or a cyano group. 

[0049] Preferably, Y should be an interatomic bond, -CO-, -CONR 6 -, -CSNR 6 - or -S0 2 - wherein R 5 and R 6 are a 
hydrogen atom or an alkyl group, and more preferably Y should be -CO-. 
10 [0050] Further, in the present invention, R 1 and R 4 may be the same or different from each other, which may be 
either of a 2,2-dimethylcyclopropyl group, a 2,2-dichlorocyclopropyl group, a 2,2-difluorocyclopropyl group or a 2,2-di- 
bromocyclopropyl group, and preferably -Y- should be -CO- and n = 0. 

[0051] Further in the present invention, preferably R 1 should be either of a 2,2-dimethylcyclopropyl group, a 
2,2-dichlorocyclopropyl group, a 2,2-difluorocyclopropyl group or a 2,2-dibromocyclopropyl group; R 4 should be an 
*5 aryl group or an aryl group having a substituent(s); -Y- should be the -CO-; and n should be an integer selected from 
1 to 3. 

[0052] Further in the present invention, preferably R 1 should be either of a 2,2-dimethylcyclopropyl group, a 
2,2-dichlorocyclopropyl group, a 2,2-difluorocyclopropyl group or a 2,2-dibromocyclopropyl group; R 4 should be an 
aryl group or an aryl group having a substituent(s); -Y- should be an interatomic bond, and n should be an integer 
20 selected from 2 to 4. 

[0053] Further in the present invention, a heterocyclic compound or a pharmaceutical^ acceptable salt thereof rep- 
resented by any of the following formulas is preferred. 
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[0054] The pharmaceutical^ acceptable salt includes, for a sufficiently acidic compound according to the present 
invention, for example, an ammonium salt, an alkali metal salt (for example, a sodium salt and a potassium salt which 

30 are preferable) and an alkali earth metal salt (for example, a calcium salt and a magnesium salt which are preferable) 
of the compound, and for a salt of organic bases, for example, a dicyclohexylamine salt, a benzathine salt, a N-methyl- 
D-glucan salt, a hydramine salt and a salt of amino acid such as arginine or lysine. Further, for a sufficiently basic 
compound according to the present invention, the pharmaceutically acceptable salt specifically includes an acid added 
salt of the compound, for example, an inorganic acid salt such as hydrochloric acid, sulfuric acid, nitric acid and phos- 

. 35 phoric acid, or an organic acid salt such as acetic acid, lactic acid, citric acid, tartaric acid : maleic acid, fumaric acid 
and monomethylsulfate. Further, depending on the case, the salt may includes a salt hydrate or a hydrate. 
[0055] It is to be noted that the present invention should include all of the isomers such as an optical isomer and a 
geometric isomer, a hydrate, a solvate or a crystal form. 

[0056] The compounds of the present invention can be synthesized by way of the following method. 
40 [0057] For example, compounds of the present invention defined in (I) wherein X is an oxygen atom, Y is a carbonyl 
group, n=0, Ais pyridine, B is benzene and R 1 and R 4 are the same, can be obtained by reacting corresponding diamine 
compounds with corresponding acid halide such as an acid chloride by 2 or more equivalents in the presence of base, 
or otherwise may be reacted with carboxylic acid by 2 or more equivalents in the presence of the condensation agent, 
as shown below, thereby obtaining the intended compound. 
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wherein R is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a substituent(s), and the Z is a 
halogen atom. 

[0058] Further, by using the reaction shown above with small modification applied thereto, it will be also possible to 
synthesize a compound wherein X is a nitrogen atom or a sulfur atom, a compound wherein A is a heterocyclic ring 
55 other than pyridine, or a compound wherein B is an aromatic or a heterocyclic ring other than benzene ring. 

[0059] For example, compounds of present invention defined in (I) wherein X is a carbon atom, Y is a carbonyl group, 
n=0, A is a pyridine, B is a benzene and R 1 and R 4 are the same, can be obtained by reacting corresponding diamine 
compounds with corresponding acid halide such as an acid chloride by 2 or more equivalents in the presence of base, 
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or otherwise may be reacted with a carboxylic acid by 2 or more equivalents in the presence of a condensation agent, 
leading to a ketone body, which will be further reduced to an alcohol compound and the alcohol compound will be 
further reduced so as to synthesize a methylene body as shown below. 



5 




55 . . , . 

wherein R is a cycloalkyl group having asubstituent(s) or a cycloalkenyl group having a substituent(s), and Z is a 
halogen atom. 

[0060] Further, in the above reactions, a compound having different amide substituents at opposite ends can be 
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synthesized by introducing sequentially the amide substituents by way of, for example, changing the sequence of the 
procedures after (XI) so that hydrolyzing may be practiced first to generate an amine compound, which will be prece- 
dently acylated. 

[0061] For example, compounds of the present invention defined in (I) wherein -X-is -OCH 2 -, Y is a carbonyl group, 
5 n=0, A is pyridine, B is benzene, and R 1 and R 4 are the same, can be obtained by reacting corresponding diamine 
compounds with corresponding acid halide such as an acid chloride by 2 or more equivalents in the presence of base, 
or otherwise may be reacted with a carboxylic acid by 2 or more equivalents in the presence of a condensation agent, 
thereby obtaining the objective compound, as shown below. 
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. wherein R is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a substituent(s), X is' a leaving 
group such as a halogen atom and Z is a halogen atom. 

[0062] Further, by using the reaction shown above with small modification applied thereto, a compound wherein X 
is -OCH 2 CH 2 CH 2 - or -SCH 2 - can be synthesized 

[0063] For example, compounds of the present invention defined in (I) wherein -X-is -CH 2 -, Y is a carbonyi group, 
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n=0, Ais a thiazole, B is benzene, and R 1 and R 4 are the same, can be obtained by reacting corresponding diamine 
compounds with corresponding acid halide such as an acid chloride by 2 or more equivalents in the presence of base, 
or otherwise may be reacted with a carboxylic acid by 2 or more equivalents in the presence of the condensation agent, 
thereby obtaining the objective compound, as shown below. 
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wherein R is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a substituent(s), and Z is a 
halogen atom. 

[0064] For example, compounds of present invention defined in (I) wherein -X- is -CH 2 -, Y is a carbonyl group, n=0, 
A is piperidine, B is benzene, and R 1 and R 4 are the same, can be obtained by reacting corresponding diamine com- 
5 pounds with corresponding acid halide such as an acid chloride by 2 or more equivalents in the presence of base, or 
otherwise may be reacted with a carboxylic acid by 2 or more equivalents in the presence of the condensation agent, 
thereby obtaining the objective compound, as shown below. 
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wherein R is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a substituent(s), X is a leaving 
group such as a halogen atom and Z is a halogen atom. 

[0065] Further, by using the reaction shown above with small modification applied thereto, a compound wherein X 
of -CH 2 CH 2 - can be synthesized. 

5 [0066] For example, compounds of the present invention defined in (I) wherein -X- is an oxygen atom, Y is a carbonyl 
group, n=0, A is pyridine, B is benzene, and R 1 and R 4 are different from each other, can be obtained by reacting, 
corresponding diamine compounds with corresponding acid halide such as an acid chloride by about one equivalent 
in the presence of base, or otherwise may be reacted with a carboxylic acid by about one equivalent in the presence 
of the condensation agent, thereby introducing a substituent(s) to one end of the diamine compound, and similarly the 

10 resultant compound may be additionally reacted with the acid halide or the carboxylic acid having a structure different 
from that of the acid halide or the carboxylic acid which has been used in the preceding stage so as to obtain the 
objective compound, as shown below. 
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wherein R1 is an alkyl group, an alkyl group having a substituent(s), a cycloalkyl group, a cycloalkyl group having a 
substituent(s), a cycloalkenyl group a cycloalkenyl group having a substituent(s), an aryl group, an aryl group having 
a substituent(s), a heterocyclic ring having one or more hetero atoms or a heterocyclic ring having one or more hetero 
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atoms and a substituent(s); R2 is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a substituent 
(s); and Z is a halogen atom. 

[00671 Further, a compound having R 1 different from R 4 can be synthesized by, for example, introducing an.acyl 
group in incremental steps according to an alternative method as shown below. 
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wherein R1 is an alkyl group, an alkyl group having a substituent(s), a cycloalkyl group, a cycloalkyl group having a 
substituent(s), a cycloalkenyl group, a cycloalkenyl group having a substituent(s), an aryl group, an aryl group having 
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a substituent(s), a heterocyclic ring having one or more hetero atoms or a heterocyclic ring having one or more hetero 
atoms and a substituent(s): R2 is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a substituent 
(s); and Z is a halogen atom. 

[0068] Further, a compound having R 1 different from R 4 can be synthesized also using such a method in which a 
substituent(s) for R1 may be introduced at the last stage by elaborating an amine protector as an intermediate, as 
shown below. 
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wherein R1 is an alkyl group, an alkyl group having a substituent(s), a cyclbalkyl group, a cycloalkyl group having a 
substituent(s), a cycloalkenyl group, a cycloalkenyl group having a substituent(s), an aryl group, an aryl group having 
a substituent(s), a heterocyclic ring having one or more hetero atoms or a heterocyclic ring having one or more hetero 
atoms and a substituent(s): R2 is a cycloalkyl group having a substitueht(s) or a cycloalkenyl group having a substituent 
(s); Z is a halogen atom; and P is an amino protective group. *'/• 
[0069] For example, compounds of the present invention defined in (I) wherein X is an oxygen atom, Y is an intera- 
tomic bond, n=2, A is a pyridine and B is a benzene, can be obtained by reacting monoamide compounds with corre- 
sponding alkylating agent such as an alkyl halide in the presence of base, as shown below, thereby obtaining the 
objective compound. . 
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wherein R1 is an alkyl group, an alkyl group having a substituent(s), a cycloalkyl group, a cycloalkyl group having a 
substituent(s), a cycloalkenyl group, a cycloalkenyl group having a substituent(s), an aryl group, an aryl group having 
a substituent(s), a heterocyclic ring having one or more hetero atoms, or a heterocyclic ring having one or more hetero 
atoms and a substituent(s), and R2 is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a 
substituent(s). 

[0070] To synthesize, for example, the compounds of the present invention defined in (I) wherein X is an oxygen 
atom, -Y- is -CONH-, -S0 2 - or -COO-, n=0, A is a pyridine and B is a benzene, for example, monoamide compounds 
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may be used as a starting material, and then they may be reacted respectively with the corresponding isocyanate, 
sulfonyl halide, or ester chlorocarbonate, as shown below, thereby obtaining the objective compound. 
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wherein R1 is an alkyl group, an alkyl group having a substituent(s), a cycloalkyl group, a cycloalkyl group having a 
55 substituent(s), a cycfoalkenyl group, a cycloatkenyl group having a substituent(s), an aryl group, an aryf group having 
a substituent(s), a heterocyclic ring having one or more hetero atoms, or a heterocyclic ring having one or more hetero 
atoms and a substituent(s); and R2 is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a 
substrtuent(s). 
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[0071] Further by using a reaction similar to the aforementioned reaction, a compound having -Y- of -CSNH- or -SO- 
may be synthesized. 

[0072] It should be appreciated that those compounds of the present invention obtainable by the methods defined 
above can be refined by using the known technologies, including the extraction, distillation, crystallization or column 

5 chromatography, which have been normally used in the organic synthesis. 

[0073] Those obtained compounds of the present invention, as will be described later, have an activity for inhibiting 
the AP-1 or NF-kappaB activation and thus are useful in providing the cure against the inflammatory diseases which 
might be developed by those transcription factors. That is, the compounds of the present invention are useful as an 
anti-inflammatory agent, an anti-rheumatism agent, an immunosuppressive agent, a cancer metastasis inhibitor, an 

to antiviral agent or a curative agent for arterial sclerosis, advantageously without side effects such as hormone action, 
which can inhibit the transcription of genes of a plurality of inflammatory cytokines, matrix metalloprot eases, inflam- 
matory cell adhesion factors, and so on. 

[0074] If the compound of the present invention is used as a drug such as the anti-inflammatory agent, it may be 
administered in the manners of an oral administration, an intravenous administration, a percutaneous administration 
is and an administration by way of eye-instillation. A dosage should be different depending on the symptom, an age of 
a patient and the applied administration method, typically 1 —3000mg/kg/day. 

[0075] The compound of the present invention can be formulated by the conventional method. The compound can 
be formulated as a drug product in the forms of, for example, an injection, a tablet, a granule, a fine granule, a powder, 
a capsule, a cream, a suppository and the like, wherein those formulation earners are available for the drug product. 

20 including, for example, lactose, glucose, D-mannitol, starch, crystalline cellulose, calcium carbonate, kaolin, amylum, 
gelatin, hydroxypropylcellulose, hydroxypropylmethylcellulose, polyvinyl pyrrolidone, ethanol, carboxymethylcellulose, 
carboxymethyl cellulose calcium salt, magnesium stearate, talc, acetyl cellulose, saccharose, titanium oxide, benzoic 
acid, p-oxybenzoate ester, sodium dehydro acetate, gum arabic, tragacanth, methylcellulose, egg york, surfactant, 
sucrose, simple syrup, citric acid distilled water, ethanol, glycerin, propylene glycol, macrogol, sodium monohydrogen 

25 phosphate, sodium dihydrogen phosphate, sodium phosphate, dextrose, sodium chloride, phenol, thimerosal, p-oxy- 
benzoic ester and sodium hydrogensulfite, which will be mixed with the compound of the present invention in use 
depending on the form of the drug product. 

[0076] Further, a content of an active constituent included in the drug product of the present invention may be varied 
in dependence on the form of the drug product and not specifically limited but typically in the range of 0 01 —1 00 weight 
30 percent, preferably in the range of 1 — 100 weight percent. 

[0077] The present invention will now be described in more detail with reference to examples, though the present 
invention is not limited to those 

(Example 1) 

35 

Process 1 : Synthesis of a diamine compound (4) 

[0078] Potassium carbonate (55.2g, 0.4mol) was added into dimethylformamide (300ml) solution including 2-chloro- 
5-nitropyridine (1) (31 .7g. 0.2mmol) and 4-nitrophenol (2) (33.4g, 0.2mol), and stirred for 18 hours. After the reaction 

40 having been completed, the solution was poured into water (1.5 liter), and the separated-out solid was filtered and 
dried, thereby obtained a dinitro compound (3) (48. 2g, 92%). The obtained dinitro compound (3) (26.1 g, 0 1mol) was 
dissolved into methanol (1.75 liter), into which in turn 10% palladium carbon (50% water content) (2.61 g) was added, 
and further hydrogen gas was blown, thus reduced under normal pressure. After the reaction having been completed, 
celite filtering was applied to remove the palladium carbon, and then, after the solvent having been evaporated, it was 

^5 purified by using silica gel column chromatography (dichloromethane, methanol), thus obtained a diamine compound 
(4) (15. 8g, 79%). 

1 H-NMR (300MHz,CDCI 3 ) 5 =6.67 (2H, d, J=8 7Hz), 6.68 (1 H, d, J=8.7Hz), 6.89 (2H, d, J=8.7Hz), 7.04 (1 H : dd, J=8.7, 
3 0Hz), 7.69 (1 H, d, J=3.0Hz). 
MS(ESI) m/z 202(M+H) + . 

50 

Process 2: Synthesis of a compound of example 1 (5.R=2,2-dimethylcyclopropane) 

[0079] The diamine compound (4) (2.035g. 10mmol) obtained in the process 1 was dissolved in dichloromethane 
(1 00ml) and added with triethylamine (4ml, 29mmol) and 2,2-dimethylcyclopropanecarbonyl chloride (3.37g, 25mmol), 
55 which in turn was stirred at room temperature for 1 4 hours. After the reaction having been completed, the solvent was 
evaporated, and then extracted with ethyl acetate followed by washing, drying and concentration according to the 
conventional manner applied to the resultant, which was further purified by using silica gel column chromatography 
(ethyl acetate, hexane) thus obtained an objective compound of example 1 (2.77g, 70%). 
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1 H-NMR (300MHz, DMSO-d6), 8=0 75-0 82 (2H, m), 0 96-1 01 (2H, m). 1 13-1 18 (12H, m). 1 .61 -1 .68 (2H, m), 6 93 
(1H, d, J=8 7Hz), 7.00 (2H. d, J=8.7), 7.60 (2H, d, J=8.7Hz), 8.05 (1H, dd, J=8 7, 2.7Hz), 8,31 (1H, d. J=2.7Hz), 10.07 
(1 H, s). 1 0.22 (1 H. s) MS(ESI) m/z 394(M+H)+ 

5 (Example 2) 

[0080] According to the same method as in example 1 , a compound of example 2 was synthesized by using 4-ni- 
trobenzenethiol and 2-chloro~5-nitropyridme as the starting materials. 

1H-NMR (300MHz, CDC1 3 ), 5=0.82-0.86 (2H, m), 1 17-1.26 (14H, m), 1.41-1.45 (2H. m), 6.87 (1H, d, J=8.7Hz), 7.44 
10 (2H, d, J=8.7Hz), 7.52-7.55 (2H. m), 7.78-7.81 (2H, m), 7.86-7.88 (1H, m), 8 37 (1H, d, J=2.4Hz). MS(ESI) m/z 410 
(M+H) + . 

(Example 3) 

15 [0081] Tnethylamine (35mf) was added into dimethylformamide (50ml) including 2-chioro-5-nitropyndine (1) (9.5g, 
60mmol) and para-phenylenediamine hydrochloride (1 0 9g, 60mmol), and stirred at the room temperature for 14 hours. 
After the reaction having been completed, the solution was poured into water, and the resultant solid was filtered and 
then N-(5-nitropyridin-2-yl) para-phenylenediamine was obtained as a brown solid This solid was dissolved in ethanol 
(800ml) and added with 5%-palladium carbon (2g) so as to cause a hydrogen substitution, and then reduced at 70°C 

20 under the normal pressure for 6 hours After the reaction having been completed, the celite filtering was applied to 
remove the palladium carbon, and then it was washed by using a mixed solvent of ethyl acetate and hexane, thus 
obtained N-(5-amino-pyridm-2-yl) para-phenylenediamine (8.8g. 75%). 

[0082] Thereafter, according to the same method as of the process 2 in example 1 . a compound of example 3 was 
obtained by using obtained diamine as the starting material 
25 1 H-NHR (300MHz. DMSO-d6) 8=0 70-0.80(2H, m), 0 93-0.99 (2H. m), 1.15 (12H. s). 1.58-1.66 (2H, m), 6 74 (1H, d, 
J=9.0Hz). 7.44 (2H. d, J=9.0Hz), 7.50 <2H. d, J=9.0Hz), 7.77 (1 H. dd, J=9.0 ; 2.7Hz), 8.28 (1 H, d, J=2.7Hz). 8 77 (1 H, 
s), 9.86 (1H, s), 9.92 (1H, s). MS(ESI) m/z 393(M+H) + 

(Example 4) 

30 

Process 1 : Synthesis of 2-acetamide-5-trimethyfstannylpyndine (6) 

[0083] Triethylamine (1ml. 7 2mmol), acetic anhydride (0.6ml, 6.35mmol) and 4-dimethylaminopyridine (1mg) were 
added into a dichloromethane (50ml) solution of 2-amino-5-brornopyridine (1 g, 5.8mmol) and stirred at the room tem- 

35 perature for 1 5 hours. After the reaction having been completed, the solvent was evaporated and the resultant solution 
was made acidic by hydrochloric acid, and then the resultant was extracted with ethyl acetate, washed, dried and 
concentrated according to the conventional manner, thus obtained 2-acetamide-5-bromopyridine (808mg. 65%) as a 
whitecrystal. Atoluene (3ml) solution of this 2-acetamide-5-bromopyridine (30mg. 0.14mmol), hexamethylditin (110mg, 
0.336mmol) and tetrakis (triphenylphosphine) palladium (10mg, 0.01 mmol) was stirred at 100°C under argon for 18 

40 hours. After the reaction having been completed, the solid matter was filtered out, and the filtrate was extracted with 
ethyl acetate, and then after having been washed, dried and concentrated according to the conventional manner, it 
was purified by using the silica gel thin-layer chromatography (the ethyl acetate, hexane), thus obtained 2-acetamide- 
5 -trimethylstannylpyridine (6) (10mg. 23%). 

1 H-NMR (300MHz, CDCI 3 ) 5 =0.32 (9H, S), 2.20 (3H, s), 7.77 (1H, dd, J=8.1 , 1 .5Hz), 8.14 (1 H d, J=8.1 Hz), 8 25 (1 H, 
45 d, J=1 .5Hz). MS(ESI) m/z 301 (M+H) + . 

Process 2. Synthesis of a palladium complex (7) 

[0084] A benzene (50ml) solution of 4-nitrobenzoyl chloride (926mg, 5mmo\) and tetrakis (triphenylphosphine) pal- 
so ladium (2.89g, 2 5mmol) was stirred at the room temperature for 6 hours. After the completion of the reaction, the 
solvent was distilled out, and then the solution was washed by the ether thus obtained the palladium complex (7) in 
the form of a light orange crystal (2 08g). 

1 H-NMR (300MHz, CDCl 3 ) s 8=7.21-7 39 (18H, m), 7.59-7.71 (14H, m), 7 80 (2H, d, J=9.0Hz). 

55 Process 3: Synthesis of example 4 compound (11 :R=2,3-dimethylcyclopropane) 

[0085] A toluene (20ml) solution of the 2-acetamide-5 -trimethylstannylpyridine (6) (100mg, 0.336mmol) obtained in 
the process 1 and the palladium complex (7) (390mg, 0.48mmol) obtained in the process 2 was stirred at 1 00°C under 
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argon for 2 hours After the completion of the reaction, the solution was poured into diluted hydrochloric acid, extracted 
with ethyl acetate, and after having been washed, dried and concentrated according to the conventional manner, then 
purified by using silica gel chromatography (ethyl acetate, hexane). thus obtained objective material of 2-acetamide- 
5-(4-nitrophenylcarbonyl) pyridine (8) in the form of a light yellow crystal (1 8mg, 20%). 

5 [0086] The obtained 2-acetamide-5-(4-nitrophenylcarbony!) pyridine (8) (1 Bmg, 0.063mmol) and FeS0 4 • 7H 2 0 
(200mg, 0.72mmol) were heated and refluxed for 10 minutes in the mixed solvent of water (4ml) and ethanol (0.5ml). 
Further, 100 mg of aquous ammonia solution was added thereto and reflux was continued for another 20 minutes. 
After the reaction having been completed, the solid matter was filtered out, and the filtrate was extracted with ethyl 
acetate and then washed, dried and concentrated according to the conventional manner, thus obtained 2-acetamide 

10 -5-(4-aminophenylcarbonyl) pyridine in the form of a yellow oily matter (11 mg). 

[0087] The obtained 2-acetamide-5-(4-aminophenylcarbonyl) pyridine (20mg) was stirred at 70°C in 4M hydrochloric 
acid (3ml) for 2 hours. After the reaction was completed, the resultant was extracted with ethyl acetate, and then 
washed, dried and concentrated according to the conventional manner, purified by using silica gel thin-layer chroma- 
tography (ethyl acetate), thus obtained 2-amino-5-(4-aminophenylcarbonyl) pyridine (9) (5mg) in the form of a light 

15 yellow crystal. 

[0088] 4-dimethylaminopyridine (0.5mg) and 2,2-dimethylcyclopropane-carbonyl chloride (28mg, 0.2mmol) was add- 
ed to a pyridine (3ml) solution of the obtained 2-amino-5-(4-amino-phenylcarbonyl) pyridine (9) (5mg, 0.022mmol), and 
stirred at the room temperature for 3 hours. After the completion of the reaction, the solution was extracted with ethyl 
acetate, and then washed, dried and concentrated according to the conventional manner, thus obtained a diamide 

20 compound (10:R= 2,2-dimethylcyclopropane) in the form of a yellow oily matter (15mg). 

[0089] Sodium borohydride (3mg) was added to an ethanol (3ml) solution of the obtained diamide compound (10: 
R=2,2-dimethylcyclopropane) (14mg) and stirred at the room temperature for 2 hours. After the completion of the 
reaction, the solvent was distilled out, and then purified by using silica gel thin-layer chromatography (ethyl acetate, 
hexane), thus obtained an alcohol compound (11 :R=2,2-dimcthylcyclopropane) (5mg) of the objective compound of 

25 example 4. 

1 H-NMR (300MHz, CDCI 3 ) 8=0.80-0.92 (2H, m), 1.15-1.24 (14H, m), 1.37-1.47 (2H, m), 5.80 (1H, s), 7.28 (2H, d, 
J=8.7Hz) : 7.35-7.43 (1H, brs), 7.49 (2H, d, J=8.7Hz), 7.60-7.67 (1H, m), 8.14 (1H, d, J=8.7Hz), 8.19-8.23 (1H, m), 
8 30-8.40 (1H, brs). MS(ESI) m/z 408(M+H)+ 

30 (Example 5) 

[0090] 20%-palladium hydroxide on carbon (1 mg) and 4M hydrochloric acid (50mg) were added to an ethanol solution 
(2ml) of the alcohol compound obtained in example 4 (11:R=2,2-dimethylcyclopropane) (3mg), and then the solution 
was subjected to the hydrogen substitution and stirred at 50°C for 4 hours. After the reaction having been completed, 
35 the solid matter was filtered out, and the filtrate was extracted with ethyl acetate and further washed, dried and con- 
centrated according to the conventional manner, followed by the purification with the silica gel chromatography (ethyl 
acetate, hexane), thus obtained a methylene compound of the objective compound of example 5 (12:R=2,2-dimethyl- 
cyclopropane) (1mg). 

1 H-NMR (300MHz, CDCI 3 ), 5 =0.80-0.90 (2H, m) ; 1 .21-1 .28 (14H, m), 1 .34-1 .42 (2H, m), 3.88 (2H, s), 7.06-7.13 (4H, 
40 m ), 7.40-7.49 (4H, m), 8.06-8.12 (1 H, m). MS(ESI) m/z 392(M+H)+. 

(Example 6) 

Process 1 : Synthesis of 5-acetamide-2-tnmethylstannylpyridine 

45 

[0091] An acetic acid solution (80ml) of 2-bromo-5-nitropyridine (3g, 14.8mmol) andiron (25g, 446mmol) was stirred 
at the room temperature for 15 hours. After the reaction was completed and the solvent was distilled out, the resultant 
was extracted by using ethyl acetate, and then further washed, dried and concentrated according to the conventional 
manner, thus obtained 5-amino-2-bromopyridine (2.26g, 89%) as a white crystal. 

50 [0092] To an acetic anhydride solution (1 .5ml) of the obtained 5-amino-2-bromopyridine (1 .75g, 10.2mmol), pyridine 
(3ml) was added and stirred at the room temperature for 6 hours After the reaction having been completed, the solvent 
was distilled out, and the resultant was extracted with ethyl acetate and washed, dried and concentrated according to 
the conventional manner, thus obtained 5-acetamide-2-bromopyridine (2.1 35g, 98%) in the form of a white crystal. 
[0093] A toluene (1 00ml) solution of the obtained 5-acetamide-2-bromopyridine (1 .3g. 6mmol), hexamethylditin (5g, 

55 15.3mmol) and tetrakis (triphenytphosphine) palladium (1g, 0.87mmol) was stirred at 100°C under the argon atmos- 
phere for 6 hours After the reaction having been completed, the solid matter was filtered out and the filtrate was 
extracted with ethyl acetate, and washed, dried and concentrated according to the conventional manner, followed by 
the purification by using silica gel chromatography (ethyl acetate, hexane). thus obtained 5-acetamide-2-trimethyls- 
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tannylpyridine (1.45g, 80%). 

1 H-NMR (300MHz, CDCI 3 ). 6 =0.33 (9H, s), 2.1 9 (3H, s), 7.68 (1 H, d, J=7.8Hz). 8.04 (1 H, dd, J=7.8, 2.4Hz), 8.66 (1 H, 
d, J=2.4Hz). MS(ESI) m/z 301(M+H)+. 

[0094] Then, according to the same method as that in the process 3 of example 4, a compound of example 6 was 
5 synthesized by using the above 5-acetamide-2-trimethylstannylpyridine and the palladium complex obtained in the 
process 2 compound of example 4 (7) as a starting material. 

1 H-NMR (300MHz, CDCI 3 ), 5=0.78-0.91 (2H, m), 1.16-1.26 (14H, m), 1.36-1.46 (2H, m), 5.68 (1H, s), 7.03-7.1 0 (1 H, 
m), 7.22-7.31 (2H, m), 7.38-7.52 (2H, m), 7.94-8.02 (1H, m), 8.51-8.57 (1H : m). MS(ESI) m/z 408(M+H)+ 

10 (Example 7) 

[0095] According to the same method as of example 5, a compound of example 7 was synthesized by using example 
6 compound as a starting material. 

1H-NMR (300MHz, CDCI 3 ) 5 =0.78-0.92 (2H, m), 1.16-1.28 (14H, m) s 1.35-1.46 (2H, m), 4.06 (2H, s), 7.05 (1H, d, 
15 J=8.7Hz), 7.16 (2H, d, J=7.8Hz), 7.27-7.36 (1H, m), 7.37-7.50 (3H, m), 8.02-8.09 (1H, m), 8.44 (1H, d, J=2.7Hz). MS 
(ESI m/z 392(M+H) + . 

(Example 8) 

20 Process 1 : Synthesis of 3-amino-6-(4-nitrophenoxy) pyridazine 

[0096] 3-amino-6-chloropyridazine (520mg, 4mmol) and 4-nitropheno! (1.39g, 10mmol) were suspended in a 1M 
sodium hydroxide aqueous solution (10ml) and heated in a sealed tube at 160°C for 18 hours. After the reaction was 
completed, dichloromethane (30ml) was added to thereto for extraction, and after the organic layer was washed with 
25 1M sodium hydroxide aqueous solution (10ml) ( the resultant was dried with sodium sulfide. After the solvent was 
distilled out, the resultant was purified by using a silica gel TLC plate (dichloromethane, methanol), thus obtained 
3-amino-6-(4-nitro-phenoxy) pyridazine (69mg, 7%). 

1 H-NMR (300MHz, DMSO-d6) 5=6.42 (2H, s), 6.99 (1H. d, J=9.3Hz), 7.25 (1H, d, J=9.6Hz), 7.27 (2H, d J=9.3Hz), 
8.26 (2H, d, J=9.0Hz) MS(ESI) m/z 233(M+H) + 

30 

Process 2: Production of 3-amino-6-(4-aminophenoxy) pyridazine 

[0097] FeS0 4 • 7H 2 0 (834mg, 3mmol) was added into a mixed solvent of ethanol (1 ml) and water (5ml) of the pyri- 
dazine obtained in the process 1 , and stirred at 100°C for 10 minutes, and after the solution having been cooled to the 
35 room temperature, ammonia water (0.25ml) was added thereto. The resulting black tarry substance was subjected to 
decantation with ethyl acetate (5 times, each by 5ml), and after the ethyl acetate solution having been collected, it was 
washed with water and dried with sodium sulfide. After the solvent having been distilled out, the resultant was purified 
by using a silica gel TLC plate (dichloromethane, methanol), thus obtained 3-amino-6-(4-aminophenoxy) pyridazine 
(23mg, 57%). 

40 1 H-NMR (300MHz, DMSO-d6) 8 =4.92 (2H, s) t 6.05 (2H, s) ; 6.55 (2H, d, J=8.7Hz), 6.75 (2H, d, J=8.7Hz), 6.87 (1H, 
d, J=9.3Hz), 6.96 (1H, d, J=9.3Hz). MS(ESI) m/z 203(M+H) + , 405(2M+H) + . 

Process 3: Synthesis of example 8 compound 

45 [0098] An acetonitrile (2ml) solution of the diamine compound (23mg, 0.11mmol) obtained in the process 2 was 
added with pyridine (0.05ml, O.Smmol) under the ice-water cooling and further added with 2,2-dimethylcyclopropane- 
carbonyl chloride (45mg, 0.33mmol), and then stirred at the room temperature for 15 minutes. After water (0.03ml) 
was added thereto, the solvent was distilled out therefrom and purified by using a silica gel TLC plate (dichloromethane, 
methanol), thus obtained compound of example 8 (30mg, 70%). 

50 1 H-NMR (300MHz, DMSO-d6) 5 =0.79-0.89 (2H, m), 0.97-1 .05 (2H, m), 1 .1 7-1 .21 (1 2H), 1 .66 (2H, dd, J=8.1 , 5.1Hz), 
1.91 (1H, dd, J=7.8, 5.7Hz), 7.11 (2H, dd, J-6.9, 2.4Hz), 7.40 (1H, d, J=9.6Hz), 7.64 (2H, d, J=9.0Hz), 8.35 (1H, d, 
J=9.6Hz), 10.12 (1H, s), 11.13 (1H,s). MS(ESI) m/z 395(M+H)+ 

(Example 9) 

55 

Process 1: 

[0099] A dimethylformamide (25ml) suspension of 2-amino-5-nitropyridine (703mg, 5mmol), 1-iodo-4-nitrobenzene 



27 



BNSDOCID: <EP 1193255At_L> 



EP 1 193 255 A1 



(1 .25g, 5mmol), copper (34mg, 0 5mmol) and potassium carbonate (1 38g, 10mmol) was stirred at 100°C for 13 hours 
After the reaction having been completed, the extraction was applied to the solution by adding dichloromethane (200ml) 
and water (1 00ml), and after the organic layer having been washed with water (1 00ml) by three times, it was dried with 
magnesium sulfate and concentrated. The concentrate was dissolved into tetrahydrofuran (50ml) and concentrated. 
5 and then added with dichloromethane (20ml) and n-hexane (20ml) so to be crystallized, thus obtained a dinitro com- 
pound (0.90g, 69%). 

1H-NMR (300MHz, DMSO-d6) 5=8.07 (2H, d, J=9.3Hz), 8.28 (2H, d, J=9.3Hz), 9.35(2H, s), 11 .41 (1H, s). 
Process 2: 

10 

[0100] The dinitro compound obtained in the process 1, (506mg, 2mmol) was dissolved into acetonitrile (50ml) and 
tetrahydrofuran (25ml), which in turn was mixed with 10%-palladium carbon (283mg) to cause the hydrogen substitu- 
tion, and reduced under normal pressure. After the reaction having been completed, the sellaite filtering was used to 
remove the palladium carbon and the solvent was distilled out, thus obtained the diamine compound (0.38g, 98%). 
15 1H-NMR (300MHz, DMSO-d6) 8 =4.56 (2H, brs), 4.57 (2H, brs), 6.47 (2H, d, J=8.4Hz), 7.26 (2H, d, J=8. 7Hz), 7.86 
(2H, S), 8.35 (1H, s). 

Process 3: 

20 [0101] An acetonitrile (1 0ml) solution of the diamine compound (102mg, 0.5mmol) was added with pyridine (0.10ml, 
1mmol) under the ice-water cooling and further added with 2,2-dimethylcyclopropanecarbonyl chloride (143mg, 
1mmol), and then stirred at the room temperature for 20 hours. After water (1ml) having been added thereto, the solvent 
was distilled out therefrom and a silica gel TLC plate (dichloromethane, methanol) was used for purification, and thus 
example 9 compound (150mg, 75%) was obtained. 

25 1H-NMR (300MHz, DMSO-d6) 5 =0.75 (1H. dd, J=8.1Hz, J=3.9Hz), 0.81 (1H, dd, J=7.7Hz, J=3.8Hz), 0.93-1.01 (2H, 
m). 1.14-1.19 (12H, s), 1.63 (2H, dd, J=8.0Hz : J=5.3Hz), 7.74 (2H, d, J=9.0Hz), 7.60 (2H, d, J=9.0Hz), 8.61 (2H, s), 
9.40 (1H S s), 9.91 (1H, s), 10 07 (1H, s). MS(ESI) m/z 394(M+H)+. 

(Example 10) 

30 

Process 1: Synthesis of 1-hydroxy-3-(4-nitrophenyl)-2-propanone 

[01 02] 4-nitrophenylacetic acid (1 00g, 6mmol) was added into a dichloromethane solution of oxalyl chloride (1 1 mmol, 
11ml) and stirred at a temperature range of room temperature to 40°C for 4.5 hours. A crystal of acid chloride, which 

35 had been obtained by distilling out the solvent, was added with tris (trimethylsilyloxy) ethylene (4.6mJ, 14mmol) and 
further added with 6 drops of SnCI 4 under water cooling, and then stirred at the room temperature for 15 hours. The 
resultant was added with 1 ,4-dioxane (1 0ml) and 1M hydrochloric acid (5ml), and stirred at the room temperature for 
30 minutes and at 90°C for another 30 minutes. After cooling, dichloromethane (10ml) and water (10ml) were added 
into it to wash, and further the organic layer was washed with a saturated sodium hydrogencarbonate. Also, each of 

40 the aqueous layers was re-extracted with dichloromethane (20ml) by one time for each so as to be mixed with the 
organic layer. The recovered organic layer was dried with magnesium sulfate, and the solvent was distilled out, thus 
obtained 1 -hydroxy-3-(4-nitrophenyl)-2-propanone (579mg, 54%). 

1 H-NMR (300MHz, CDCl 3 ) 5 =2.93 (1 H, t, J=3.9Hz), 3.86 (2H, s), 4.37 (2H. d, J=3.9Hz), 7.41 (2H, d, J=8.7Hz), 8.22 
(2H, d. J=8.7Hz). 

45 

Process 2: Synthesis of 1 -chloro-3-(4-nitrophenyl)-2-propanone (19) 

[0103] An acetonitrile (4ml) solution of the compound obtained in the process 1 (120mg, 0.6mmol) was added with 
pyridine (0.055ml, 0.7mmol), thionyl chloride (0.045ml, 0.7mmol) and 1 drop of dimethylformaldehyde under water 
so cooling, and after having been stirred at 40°C for 3 hours, it was further added with pyridine (0.025ml, 0.3mmol) and 
thionyl chloride (0.020ml, 0.3mmol) and stirred. After the reaction having been completed, the solvent was distilled 
out, and the resultant was purified with a silica gel TLC plate (n-hexane, ethyl acetate), thus obtained 1 -chloro-3-(4-ni- 
trophenyl)-2-propanone (19:115mg, 88%) 

1 H-NMR (300MHz, CDC! 3 ) 5 =4.07 (2H, s), 4.15 (2H, s), 7.40 (2H, d, J=8.7Hz), 8.22 (2H, d, J=8.7Hz). MS(ESI) rrVz 
55 212(M-H)\ 
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Process 3: Synthesis of 2-amino-5-(4-nitrobenzyl) thiazole (20) 

[0104] Thiocarbamide (54mg, 0.7mmol) was added to an ethanol (9ml) suspension of the chloro compound (19) 
(150mg, 0.7mmol) obtained in the process 2 and stirred at 60°Cfor7 hours. After the solvent having been distilled out, 
5 the obtained crystal was washed with acetbnitrile, thus obtained 2-amino-5-(4-nitrophenylbenzyl) thiazole (20) (1 35mg, 
82%). 

1H-NMR (300MHz, DMSO-d6) 5 =4.04 (2H, s), 6.56 (1H, s), 7.56 (2H, d, J=9.0Hz), 8.21 (2H, d, J=8.4Hz). MS(ESI) ml 
z 236(M+H) + . 

10 Process 4: Synthesis of 2-amino-5-(4-aminobenzyl)thiazole (21) 

[0105] The thiazole (20) (123mg, 0.5mmol) obtained in the process 3 was added to an acetic acid (10ml) suspension 
of zinc (1 .03g, 1 6mmol), which had been washed and activated by 1 M hydrochloric acid, and stirred at the room tern- 
perature for 30minutes. After the zinc having been filtered out, the filtrate was poured into an aqueous solution of 
15 dichloromethane (1 00ml) and 2M sodium hydroxide aqueous solution (78ml) under the ice water cooling. This organic 
layer and another organic layer, which was obtained by applying another extraction with the dichloromethane (totally 
105ml) to the aqueous layer, were mixed, and then the mixture was dried with sodium sulfate, and the solvent was 
distilled out, thus obtained 2-amino-5-(4-aminobenzyl)thiazole (21) (89mg, 83%). 

1H-NMR (300MHz, DMSO-d6) 5 =3.52 (2H, s), 4.82 (2H, s), 5.99 (1H, s), 6.47 (2H : d, J=8.4Hz), 6.75 (2H, s), 6.86 
20 (2H, d, J=8.1 Hz). MS(ESI) m/z 206(M+H) + . 

Process 5: Synthesis of a compound of example 10 

[0106] A dichloromethane (12ml) suspension of the thiazole (21) (60mg. 0.3mmol) obtained in the process 4 was 
25 added with pyridine (0.060ml, 0.7mmol) under water cooling and further added with 2,2-dimethylcyclopropanecarbonyl 
chloride (146mg, 1 .1mmol), and then stirred at the room temperature. After 3 hours, water (10ml) was added into the 
solution for washing. The organic layer was dried with magnesium sulfate, and then the oil obtained by distilling out 
the solvent was purified by using a silica gel TLC plate (n-hexane, ethyl acetate), thus obtained example 1 0 compound 
(60mg, 50%) 

30 1H-NMR (300MHz, CDCI 3 ) 6 =0.74 (1H, dd, J=7.8, 3.6Hz), 0.86 (1H, dd, J=7.8, 3.9Hz), 0.94 (1H, dd, J=5.4, 3.6Hz), 
0.99 (1H, dd, J=5.1, 3.6Hz). 1.09 (3H,s), 1.11 (3H, s), 1 .1 2 (3H, s), 1 .13 (3H. s). 1 .61 (1H, dd, J=7.8, 5.4Hz), 1.74(1H, 
dd, J=7.8, 5.4Hz), 6.70 (1H, s), 7.11 (2H, d, J=8.4Hz), 7.47 (2H, d, J=8.4Hz) 5 9.96 (1H, s), 12.15 (1H, s). MS(ESI) m/ 
z 398(M+H) + . 

35 (Example 11) 

[0107] According to the same method as that used in the process 2 of example 1 , a compound of example 11 was 
synthesized by using 5-amino-2-(4-aminophenyl) pyridine as a starting material. 

1H-NMR (300MHz, CDCI 3 ) 5 =0.80-0.91 (2H, m), 1.16-1.30 (14H, m), 1.38-1.48 (2H, m) s 7.30-7.72 (5H, m), 7.90 (2H, 
40 d, J=8.4Hz), 8.22-8.30 (1 H, m), 8.52-8.55 (1 H, m). MS(ESI) m/z 378(M+H)+. 

(Example 12) 

[0108] A dimethylformamide (10ml) solution of 2-hydroxy-5-nitropyridine (13) (700mg, 5mmol) was added with so- 
45 dium hydride (240mg, 1 2mmol) and further added with 4-nitrobenzylbromide (14:X=Br) (1 .08g, 5mmol), and then stirred 
at the room temperature for 20 hours. After the reaction having been completed, the solution was extracted with ethyl 
acetate, washed, dried and concentrated according to the conventional manner, followed by the purification by using 
silica gel chromatography (dichloromethane, ethyl acetate), thus obtained the dinitro compound (1 5). This dinitro com- 
pound (15) was dissolved into an ethanol (50ml), which was in turn added with 5%-palladium carbon (1 OOmg) to perform 
so the hydrogen substitution and then reduced under the normal pressure. After the reaction having been completed, the 
palladium carbon was removed by the celite filtering, and after the solvent was distilled out, the resultant was purified 
by way of silica gel column chromatography (ethyl acetate), thus obtained the diamine compound (16) (430mg, 40%). 
[0109] Then, according to the same method as that used in the process 2 of example 1 , example 1 2 compound was 
synthesized by using the diamine compound (16) as a starting material. 
55 1 H-NMR (300MHz, DMSO-d6) S=0.73-.80 (2H, m), 0.90-1 .00 (2H , m), 1 .1 0-1 .1 9 (1 2H, m), 1 .50-1 .58 (1 H, m), 1 .60-1 .68 
<1H, m), 4.97 (1H, d, J=12 4Hz), 5 30 (1H, d, J-12.4Hz), 6.43 (1H, d, J=9.9Hz), 7.20 (2H, d, J=8.4Hz), 7.41 (1H, dd, 
J=9.9, 3.0Hz), 7.54 (2H, d, J=8.4Hz), 8 12 (1H, d, J=3.0Hz), 9.82 (1H, brs), 10.08 (1H 3 brs). MS(ESI) m/z 408(M+H)+ 
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(Example 13) 

[0110] According to the same method as example 12, a compound of example 13 was synthesized by using 2-hy- 
droxy-5-nitropyridine and 2-(4-nitrophenyl)ethyl bromide as a starting material. 
5 1H-NMR (300MHz, DMSO-d6) 5 =7 30-0.80 (2H, m), 0.90-0.99 (2H, m), 1.10-1 .18 (12H, m), 1.50-1.58 (1H, m), 
1 .60-1 .67 (1 H, m), 2.84 (2H, t s J=7.5Hz), 4.02 (2H, t, J=7.5Hz), 6.38 (1H, d, J=9.6Hz), 7.11 (2H, d, J=8.7Hz), 7 37 (1H, 
dd, J=9.6, 3.0Hz), 7,50 (2H, d, J=8.7Hz), 8.01 (1H, d f J=3.0Hz). 9.75 (1H, s), 10.00 (1H, s). MS(ESI) m/z 422(M+H) + . 

(Example 14) 

10 

Process 1 : 

[0111] A dimethylformamide (20ml) solution of 2-mercapto -5-nitro-pyridine (1 .56g, 10mmol) was added with 60% 
sodium hydride (446mg, 11mmol) and further added with 1-bromomethyl-4-nitrobenzene (2.14g, 10mmol), and then 

is stirred at the room temperature for 1 .5 hours. The reacted mixture was added into water (1 00ml) to precipitate solid 
matter and the solid matter was filtered. The solid matter was added with dichloromethane (100ml) to be dissolved 
therein, and washed with water (60ml). This organic layer and another organic layer, which was obtained by applying 
2 times of extraction with the dichloromethane (20ml) to the aqueous layer, were mixed, and after having been dried 
with magnesium sulfate, distilled out the solvent, thus obtained a dinitro compound (2.51 g, 87%). 

20 1H-NMR (300MHz, DMSO-d6) 5=4.68 (2H, s), 7.62 (1H, dd, J=8.9Hz. J=0.8Hz), 7.74 (2H, d, J-8.7Hz), 8.17 (2H, d, 
J=8.7Hz), 8.39 (1H, dd, J=9.0Hz, J=2 7Hz), 9.25 (1H, dd, J=2.9Hz, J=0.8Hz). 

Process 2 

25 [0112] A tetrahydrofuran (1.5ml) solution of the dinitro compound (218mg, 0.7mmol) was added to an acetic acid 
(10ml) suspension of zinc (1.36g, 21mmol), which had been washed and activated with 1M hydrochloride, and then 
stirred at the room temperature for 16 hours. After the zinc having been filtered out, the filtrate was poured into an 
aqueous solution of ethyl acetate (100ml) and 2M sodium hydrate (110ml) under the ice water cooling The organic 
layer was washed with water (50ml) and thereafter dried with magnesium sulfate so as to distill out the solvent. The 

30 concentrate was added with dichloromethane (50ml) so as to be dissolved therein and then washed with an aqueous 
solution of 1M sodium hydroxide (30ml) and water (30ml), and after the organic layer was dried with the magnesium 
sulfate to distill out the solvent, the resultant was purified by using silica gel TLC plate (hexane, ethyl acetate), thus 
obtained a mixture including a diamine comopund. A dichloromethane (1 0ml) solution of this mixture (66mg) was added 
with triethylamine (0.085ml, 0 6mmol) under the ice water cooling and further added with 2,2-dimethylcyclopropane- 

35 carbonyl chloride (85mg, 0.6mmol), and then stirred at the room temperature for 17 hours. After water (10ml) having 
been added into the resultant solution, the organic layer was dried with the magnesium sulfate to distill out the solvent, 
the resultant was purified with a silica gel TLC plate (dichloromethane, methanol), thus obtained example 14 compound 
(1 Bmg) of the target. 

1H-NMR (300MHz, DMSO-d6) 5 =0.73-0 84 (2H, m). 0.93-1.02 (2H : m), 1.12-1.18 (12H, s), 1 .59-1 .68( 2H, m), 4.3 
40 (2H, s), 7.23 (1H, d, J=8.7Hz), 7.27 (2H, d, J=9.0Hz), 7.49 (2H, d, J=8.1Hz), 7.89 (1H, dd, J=8.7Hz, J=2.7Hz), 8.66 
(1H, d, J=2.7Hz), 10.03 (1H, s), 10.23 (1H, s). MS(ESI) m/z 424(M+H)+. 

(Example 15) 

45 Process 1: 

[0113] 4-amino-1-benzylpiperidine (100mg, 0.526mmol) was dissolved into dichloromethane (10ml) and then added 
with triethylamine (150mg, 1,5mmol) and 2,2-dimethylcyclopropanecarbonyl chloride (159mg. 1.2 mmol), which was 
further stirred at the room temperature for 14 hours. After the reaction was completed, the resultant was extracted with 

50 ethyl acetate and then washed, dried and concentrated according to the conventional manner and purified by using 
silica gel column chromatography (ethyl acetate, hexane), thus obtained a white crystal of 4-(2,2-dimethylcyclopropane- 
carbonylammo)-1-benzylpiperidine. The white crystal was dissolved into an ethanol (10ml)-ethyl acetate (1ml) mixed 
solvent, wherein 5% palladium carbon (150mg) and formic acid (160mg) were dissolved into the ethanol (10ml) and 
applied thereto with dropping, which was stirred at the room temperature over night. After the palladium was filtered, 

55 the solvent was distilled out and aqueous solution of 2M sodium hydroxide was added therein to make pH>13, the 
solution was extracted with dichloromethane and further washed with a saturated saline solution, dried and vacuum 
concentrated, thus obtained 4-(2,2-dimethylcyclopropanecarbony(amino) piperidine (23 ■ R = 2,2-dimethylcyclopro- 
pane) (11.2mg, 11%). 
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1H-NMR (300MHz, CDCI 3 ) 5=0 68-0 72 (1H, m), 1 06-1 09 (1H, m), 1 13-1 38 (7H, m), 1 78 (2H, s), 1 88-1.97 (2H, 
m), 2.69 (2H, t, J=12.6Hz). 3.06 (2H, td, J=3.3, 12.6Hz), 3.88-3.95 (1H, m), 5.49 (1H, s). MS(ESI) m/z 197(M+H) + . 

Process 2: 

5 

[0114] 4-nitrobenzyl bromide (24-X=Br) (110mg, 0 5mmol), potassium carbonate (352mg } 2.55mmol) and sodium 
iodide (76.5mg, 0.5mmol) were added to a dimethylformamide (5ml) solution of the piperidine (23) obtained in the 
process 1 . and then stirred under the argon atmosphere at the room temperature for 2 hours. This was further stirred 
at 70°C for 1 hour and was extracted with hexan-ethyl acetate (3:1) mixed solvent, and then washed with water and 
10 saturated saline solution, dried and vacuum concentrated, thus obtained a 4-nitrobenzylpiperadine compound (25: R= 
2,2-dimethylcyclopropane) in the form of a yellow crystal (95mg, 57%). 

1H-NMR (300MHz. CDCI 3 ) 5 =0.69-0.73 (1H. m), 1.07 (1H, t, J=4.8Hz). 1.13 (3H,s), 1 .15 (3H, s), 1.19-1.24 (1H, m), 
1.41-1 49 (1H,m), 1.93 (2H, brs). 2.12-2.21 (2H f m), 2.78 (2H 5 d, J=1 1 7Hz),3.58(2H s). 3.75-3.88 (1 H, m), 5.42-5.46 
(2H, m), 7.50 (2H, d J=8.4Hz), 8.17 (2H, d, J=8.4Hz). MS(ESI) m/z 332 (M+H) + . 

15 

Process 3 

[01 1 5] An acetic acid (3ml) solution of the 4-nitrobenzylpiperidine compound (25) (65.8mg, 0.2mmol) obtained in the 
process 2 was added with zinc (300mg) little by little at 0°C. After having been stirred at the room temperature for 2 
20 hours, this was filtered to be taken out, had the solvent distilled out and neutralized with 2M aqueous sodium hydroxide, 
and then was extracted with ethylacetate The resultant was washed with water and the saturated saline solution, dried 
and then vacuum concentrated, thus obtained a 4-aminobenzylpiperidine compound (26: R= 2,2-dimethylcyclopropane) 
in the form of a yellow oily matter (50mg, B5%). 

1H-NMR (300MHz, CDCI 3 ) 5 =0.67-0.73 (1H, m), 1.07-1.25 (8H, m), 1.44-1.55 (2H, m), 1.89 (2H, brs), 2.05-2 15 (2H, 
25 m ) ; 2.82-2.86 (2H, m), 3.44 (2H. s), 3.70 (1 H, brs), 4.48 (1H, S), 6.64 (2H, d, J=8.4Hz), 7.08 (2H, d, J=8.4Hz). MS(ESI) 
m/z 302 (M+H) + . 

Process 4: 

30 [0116] The 4-aminobenzylpiperidine compound (26) (50mg, 0 17mmol) obtained in the process 3 was used to cause 
the same reaction as process 2 of example 1 , thus obtained example 15 compound (27:R= 2,2-dimethylcyclopropane) 
in the form of a yellow-white crystal (14.9mg, 22%). 

1 H-NMR (300MHz, COC\ 3 ) 8 =0 68-0.72 (1H, m), 0.81 -0.85 (1 H, m), 1.04-1.09 (1H, m), 1.09-1 23 (14H, m), 1.40-1.45 
(1H, m), 1.49-1.58 (1H, m), 1.87-1 92 (2H, m), 2.10-2.19 (2H, m), 2.84 (2H, m), 351 (2H, s), 3.74-3.85 (1H, m), 5.50 
35 (2H, d, J=8.4Hz), 7.26 (2H, d, J=8.4Hz), 7.48 (2H, d, J=8.4Hz), 7.55 (1H, s). MS(ESI) m/z 398(M+H)+. 

(Example 16) 

Process 1 : 

40 

[0117] An acetonitrile (5m() solution of the piperidine compound (23: R= 2,2-dimethylcyclopropane) (50mg, 

0 25mmol) obtained in the process 1 of example 15 was added with 2-(4-t-butoxycarbonylaminophenyl)ethanol para- 
toluensulfonate (57mg, 0.31 mmol), sodium carbonate (32mg, 0.31 mmol) and sodium iodide (2mg), which was in turn 
heated and refluxed at 100°C for 2 hours. The resultant was extracted with ethyl acetate, and further washed with 

45 water and saturated saline solution, dried and vacuum concentrated, and then separately purified with a silica gel TLC 
plate (chloroform, methanol), thus obtained a phenethylpipendine compound (31 mg, 29%) 

1 H-NMR (300MHz, CDCI 3 ) 5 -0.69-0.74 (1H, m), 1 .08 (1H, t, J=4.8Hz), 1.13 (3H, s), 1 .66 (3H, s), 1.20-1.26 (2H. m), 
1.50-1 64 (2H,m), 1 51 (9H. s), 1.95 (2H, brs), 2.17-2.20 (2H, m), 2.57-2.62 (2H, m), 2.74-2.79 (2H, m), 2.94-2 99 (2H ; 
m), 3.77-3.88 (1H, m), 5.45-5.48 (1H, m), 6.45 (1H, s), 7.10 (2H, d, J=8.4Hz), 7.23-7.28 (2H, m). 

50 

Process 2: 

[0118] 4M hydrochloric acid-dioxane solution was dropped by 1ml into a dichloromethane (3ml) solution of the 
phenethylpiperidine (30.9mg, 0.074mmol) obtained in the process 1 , which was in turn stirred at the room temperature 
55 for 3 hours. Further, 4M hydrochloric acid-dioxane solution was added by another 1 ml to the solution, which was then 
stirred again at the room temperature for 1 hour. After the solvent was distilled out, the resultant was extracted with 
ethyl acetate, and washed with saturated aqueous solution of sodium hydrogen carbonate, water and saturated saline 
solution, dried and then vacuum concentrated, thus obtained a deprotected compound in the form of a light yellow 
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crystal (9.7mg, 41%) 

1H-NMR (300MHz, CDCI 3 ) 5 -0.69-0.74 (1H. m), 1.08 (1H, t, J=4.8Hz), 1.14 (3H, s), 1 .67 (3H, s), 1 20-1.26 (2H, m), 
1.50-1.64 (2H. m). 1.95 (2H. brs), 2.19-2.25 (2H. m). 2.57-2.62 (2H, m), 2.70-2.76 (2H, m). 2.98-3.02 (2H, m). 3.58 
(2H, brs), 3.58-3.78 (1H, m), 5.45-5.48 (1 H, m), 6.62 (2H, d, J=8.4Hz), 6.98 (2H S d, J=8.4Hz). MS(ESI) m/z 31 6 (M+H)+. 

5 

Process 3: 

[0119] The deprotected compound obtained in the process 2 was used as a starting material, which experienced 
the same reaction as the process 2 of example 1 , and a compound of example 16 was obtained in the form of a yellow- 
10 white crystal (3.8mg, 31%). 

1H-NMR (300MHz, CDCI 3 ) 5 =0.69-0.74 (1H, m), 0.81-0.86 (1H, m), 1.08 (1H, t, J=4.8Hz), 1.13-1.26 (14H, m), 
1.37-1.41 (1H, m), 1.54-1.64 (2H, m), 1.94-2.00 (2H, m), 2.20-2.29 (2H, m), 2.61-2.67 (2H, m) 2.78-2.84 (2H, m), 
3.01 -3.05 (2H, m), 3.81-3.88 (1 H, m), 5.47 (1 H, d, J=8. 7Hz). 7. 1 3 (2H, d, J=8.4Hz), 7. 1 4 (1 H, s), 7.43 (2H, d, J=8.4Hz). 
MS(ESI) m/z412(M+H) + . 

15 

(Example 17) 

[0120] According to the same method as of example 1 , a compound of example 1 7 was synthesized by using 3-ni- 
trophenol and 2-chloro-5-nitropyridine as a starting material. 
20 1 H-NMR (300MHz, DMSO-d6) 5=0.74-0.84 (2H, m), 0.94-1 .02 (2H, m), 1 .1 2 (3H, s) ; 1 .15 (6H, s), 1 .1 7 (3H, s), 1 .60-1 .67 
(2H, m), 6.70-6.76 (1H, m), 6.99 (1 H. d, J=8.7Hz), 7.24-7.44 (3H, m), 8.08 (1H, dd 5 J=8.7, 2.7Hz), 8.35 (1H, d, J=2.7Hz), 
10.14 (1H, brs), 10.25 (1H, brs). MS(ESI) m/z 394(M+H) + . 

(Example 18) 

25 

[0121] According to the same method as of example 1 , a compound of example 1 8 was synthesized by using 2-ni- 
trophenol and 2-chloro-5-nitropyridine as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 5 =0.82-0 87 (2H, m), 0.98-1 03 (2H, m), 1.12-1.18 (14H, m), 1 64-1 70 (2H, m), 
6 96-7 17 (3H, m), 7.43 (1H. d, J=8.4Hz), 8 08 (1H, dd, J=8.4, 3.0Hz), 8.27-8 31 (1H, m), 8.59 (1H, d, J=3 0Hz), 9.42 
30 (1H, s), 10.22 (1H, s) MS(ESl) m/z 394(M+H)+ 

(Example 19) 

[0122] According to the same method as of example 12, a compound of example 19 was synthesized by using 
35 2-hydroxy-5-nitropyridine and 3-nitrobenzylbromide as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 5 =0.74-0.80 (2H, m), 0.90-1.02 (2H, m), 1.10-1.28 (12H, s), 1.52-1.57 (1H m), 
1.61-1.68 (1H, m), 4.96-5.13 (2H, m), 6.46 (1H, d, J=9.3Hz), 6.90 (1H, d, J=8.1Hz), 7.24 (1H, t, J=8.1Hz), 7.40 (1H, 
s), 7.44 (1H, dd, J=9.3, 3.0Hz), 7.60 (1H, d, J=8.1Hz), 8.13 (1H, d, J=3.0Hz), 9.83 (1H, s), 10.08 (1H, s). MS(ESI) m/ 
z 408(M+H) + . 

40 

(Example 20) 

[0123] According to the same method as of example 12, a compound of example 20 was synthesized by using 
2-hydroxy-5-n»tropyndine and 2-nitrobenzylbromide as a starting material. 
45 1 H-NMR (300MHz, DMSO-d6) 5 =0.76-0.85 (2H, m). 0.92-1.00 (2H, m), 1.10-1.20 (12H, s), 1.68-1.72 (2H m), 
5.02-5.20 (1H, m), 6.55 (1H, d, J=9.6Hz), 7.08 (1H, d, J=7.5Hz), 7.22-7.32 (1H, m), 7.50 (1H, dd, J=9.6, 3.0Hz), 
7.77-7.86 (1 H, m), 8.08 (1 H, d, J=7.5Hz), 8.29 (1 H, d, J=3.0Hz) ; 1 0.02 (1 H, s), 1 0.39 (1 H, s). MS(ESI) m/z 408(M+H) + . 

(Example 21) 

50 

[0124] According to example 8, a compound of example 21 was synthesized by using 3-amino-6-chloropyridazine 
and 3-nitrophenol as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 6 =0.78 (1 H, dd, J-7.8Hz. 3.9Hz), 0.85 (1 H, dd, J=7.5Hz 5 3.9Hz), 0.96 (1 H, dd, J=6.0Hz, 
4.5Hz), 1 .02 (1H, dd, J=5.4Hz. 4.2Hz), 1 .11-1 .20 (12H, s), 1 .64( 1 H, dd, J-7.8Hz, 5.4Hz), 1 .92 (1 H, dd, J=7.8Hz, 5.7Hz), 
55 6.81 (1H, ddd, J=7.8Hz, 2.3Hz, 1.5Hz). 7.32 (1 H, t, J=8.0Hz), 7.31 (1 H, m), 7.44 (1 H, d, J=9. 6Hz), 7.51 (1H,m),8.37 
(1H, d, J=9.3Hz), 10 20 (1H, s), 11 .16 (1H, s) MS(ESI) m/z 395(M+H) + . 
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(Example 22) 

[01 25] According to the same method as of example 1 . a compound of example 22 was synthesized by using 2-chloro- 
5-nitropyridme and 3-methyl-4-nitrophenol as a starting material. 
5 1 H-NMR (300MHz. DMSO-d6) 5 =0.75-0.81 (2H. m), 0.97 (2H, q, J=6.0, 1 0.2Hz). 1 .16 (12H), 1 .65 (1 H, t. J=8. 1 Hz), 
1.73 (1H, t, J=8.1Hz), 2.17 (3H, s), 6 85 (1H, d, J=9.0Hz), 6.92-6.97 (2H), 7.30 (1H, d, 8.4Hz), 8.06 (1H, dd, J=2.7, 
9 0Hz), 8.3 (1H. d, J=2.7Hz), 9.41 (1H. s), 10 2(1H, s). MS(ES!) m/z 408(M+H) + , 406(M-H)". 

(Example 23) 

10 

[01 26] According to the same method as of example 1 , acompound of example 23 was synthesized by using 2-chloro- 
4-methyl-5-nitropyridine and 4-nitrophenol as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 6 =0.75-0.81 (2H, m), 0.98-1.00 (2H, m), 1.14 (6H, s), 1.17 (6H, s), 1 .59-1.73 (2H, m), 

2 19 (3H. s), 6.85 (1H, s), 7.01 (2H, d, J=9.0Hz), 7.60 (2H, d, J=9.0Hz), 7.96 (1H. s). MS(ESI) m/z 408(M+H) + , 406 
15 (M-H)\ 

(Example 24) 

[0127] According to the same method as of example 1 , acompound of example 24 was synthesized by using 2-chloro- 
20 4-methyl-5-nitropyridine and 3-rnethyl-4-mtrophenol as a starting material. 

1 H-NMR (300MHz, CDCl 3 ) 5 =0.82-0 90 (2H. m), 1.15-1.30 (14H), 1.42-1.56 (2H, m),2.28 (6H, s), 6.73 (1 H, brs), 6.94 
(2H brs) 7 09 (2H, brs), 7.74 (1H, brs), 8.19 (1H, brs) MS(ESI) m/z 422(M+H)+, 420(M-H)\ 

(Example 25) 

25 

[0128] According to the same method as that used in the process 2 of example 1 , a compound of example 25 was 
synthesized by using 6-(5-amino-2-pyridylthio)-3-pyridylamine as a starting material. 

1 H-NMR (300MHz DMSO-d6) 8=0 78-0 85 (2H, m), 0.97-1.05 (2H, m), 1.14 (6H, m), 1 16 (6H, s), 1.64-1 69 (2H, m), 
7 2 (2H d. J=8 7Hz), 8 00 (2H, dd, J=8 7. 2 7Hz), 8 67 (2H. d, J=2 7Hz), 1 0 37 (2H, s) MS(ESl) m/z 411 (M+H)+ 

30 

(Example 26) 

[0129] According to the same method as that used in the process 2 of example 1 . a compound of example 26 was 
synthesized by using 2,2-dichlorocyelopropanecarbonylchloride as a starting material. 
35 1 H-NMR (300MHz, DMSO-d6) 5 =2.02 (2H, d, J=9.0Hz). 2.50 (2H, s), 2.87 (2H, t, J=9 0Hz), 7.01 (1 H, d, J=8.7Hz), 
7.09 (2H, d. J=8.7Hz), 7.62 (2H, d, J=8 7Hz), 8.09 (1H, dd, J=3.0, 8.7Hz), 8.35 (1H. d, J=3.0Hz), 10.6 (1H, s), 10.8 
(1H. s) MS(ESI) m/z 476(M+H) + . 

(Example 27) 

40 

[0130] According to the same method as that used in the process 2 of example 1 , a compound of example 27 was 
synthesized by using 2-methylcyclopropanecarbonylchloride as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 6 =0.58-0.66 (2H, m), 0.76-1.00 (2H, m), 1.07 (3H, s), 1.08 (3H, s), 1 16-1.22 (2H. m), 
1.45-1 49 (2H. m), 6.91 (1H, d, J=8.7Hz), 6.98 (2H, d, J=9.0Hz), 7.54 (2H, d, J=8.7Hz), 7.99 (1H, dd, J=2.7, 9.0Hz), 
45 8 26 (1H, d. J=2.7Hz) ; 8.26 (1H, d, J=2.7Hz), 10.1 (1H. s), 10.2 (1H, s). MS(ESI) m/z 366(M+H) + , 364(M-H)'. 

(Example 28) 

[0131] According to the same method as that used in the process 2 of example 1 , a compound of example 28 was 
50 synthesized by using cyclohexane- carbonylchlonde as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 5=1.17-1.14 (10H, m), 1.66-1.82 (10H, m). 2.31 (2H, br), 6.93 (1H, d, J=8.7Hz), 6.99 
(2H, d. J=8 7Hz), 7.59 (2H. d, J=8 7Hz), 8.04 (1H, dd, J=3.0, Q.JHz), 8.30 (1H, d. J=3.0Hz), 9.80 (1H, s), 9.93 (1H, s). 
MS(ESI) m/z 422(M+H) + . 

55 (Example 29) 

[0132] According to the same method as that used in the process 2 of example 1 . a compound of example 29 was 
synthesized by using 2-methylcyclohexanecarbonylchloride as a starting material 
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1H-NMR (300MHz, DMSO-d6) 5 =0 82-0 90 (6H m), 1.29-1 51 (12H,m) 1.64-1 69 (4H, m), 2.1 2 (2H, brs). 2 49-2 53 
(2H, m), 6.93 (1H, d, J=8.7Hz), 6.99 (2H, d, J=8.7Hz), 7.59 (2H, d, J=8.7Hz), 8.04 (1H, dd, J=3.0, 8.7Hz), 8.30 (1H, 
d. J=3.0Hz). 9.74 (1H. s), 9.86 (1H. s). MS(ESI) m/z 450 (M+H)+. 

5 (Example 30) 

[0133] According to the same method as that used in the process 2 of example 1 , a compound of example 30 was 
synthesized by using 3-cyclohexanecarbonylchloride as a starting material. 

1H-NMR (300MHz, DMSO-d6) 8 =1.55-1.62 (2H, m), 1.90 (2H, d, J=12Hz), 2.13 (8H, d, J=14Hz), 2.49-2.55 (4H, m) f 
10 6.95 (1 H, d. J=8.7Hz), 7.01 (2H, d, J=8.7Hz), 7.61 (2H, d, J=8.7Hz), 8.05 (1 H, dd, J=3.0, 8.7Hz), 8.33 (1 H, d, J=3.0Hz), 
9.91 (1H, s), 10.0 (1H, s). MS(ESI) m/z 418(M+H)+. 

(Example 31) 

15 Process 1 : 

[0134] Sodium hydroxide (10g) was dissolved into a mixed solution of water (100ml) and dioxane (100ml), which 
was added with 4-hydroxyaniline (10 9g, 0.1 mo!) under the ice water cooling and further added slowly with Boc 2 0 
(27. 3g, 0.125mmol), and then stirred at 0°C for 4 hours. After the reaction having been completed, the solvent was 
20 evapolated, and the resultant was neutralized with aqueous solution of ammonium chloride, extracted with ethyl ace- 
tate, and after having been washed, dried and concentrated according to the conventional manner, then purified by 
way of the silica gel chromatography (ethyl acetate, hexane), thus obtained the objective 4-t-butoxycarbonylaminophe- 
nol (37) in the form of a white crystal (12.3g, 58%) 

1H-NMR (300MHz. CDC\ 3 ) 5=1 .53 (9H, s), 5.30 (1H, brs), 6.35 (1 H, brs), 6.73 (2H, d, J=8. 7Hz), 7.15 (2H, d, J=8.7Hz). 

25 

Process 2. 

[0135] The 4-t-butoxycarbonylaminophenol (37) (8 36g, 40mmol) obtained in the process 1 , the 2-chloro-5-nitropy- 
ridine (36) (6.24, 40mmol) and potassium carbonate (11 4g, 80mmol) were stirred in the dimethylformamide (100ml) 
30 at 80°C for 3 hours. After the reaction having been completed, the solvent was evaporated and the resultant was 
extracted with ethyl acetate, and after having been washed, dried and concentrated according to the conventional 
manner, then crystallized again with a mixed solvent of ethanol and ethyl acetate, thus obtained an objective ether 
compound (38) in the form of a yellow crystal (11.88g, 90%). 

1 H-NMR (300MHz. CDCI 3 ) 5 =1.55 (9H, s). 6.54 (1H, brs), 7.01 (1H, d, J=8.5Hz), 7.10 (2H, d, J=8.7Hz), 7.45 (2H, d, 
35 J=8.7Hz), 8.47 (1 H, dd, J=8.5, 2.5Hz). 9.04 (1 H, d, J=2.5Hz). 

Process 3: 

[0136] A mixed solvent of the ether compound (38) (2g, 6.6mmol) obtained in the process 2 mixed with ethanol 
40 (50ml) and dioxane (20ml) was added with 10%-palladium carbon (1g) and reduced under the hydrogen pressure of 
5 atmosphere at the room temperature for 15 hours. After the reaction having been completed, the solid matter was 
filtered out, and the filtrate was purified byway of the silica gel chromatography (ethyl acetate, hexane), thus obtained 
objective compound in the reduced form (39) (1.90g, 93%). 

1 H-NMR (300MHz, CDCI 3 ) 5 =1 .55 (9H, brs), 6.44 (1H, brs), 6.74 (1H, d, J=8.5Hz), 7.01 (2H, d, J=8.7Hz), 7.06 (1H, 
45 dd, J=8.5, 3.0Hz), 7.34 (2H, d, J=8.7Hz), 7.70 (1H, d, J=3.0Hz). 

Process 4. 

[0137] A dichloromethane (100ml) solution of the reduced form (39) (1.6g, 5 3mmol) obtained in the process 3 and 
so tnethylamine (2g, 20mmol) was added with dichloromethane (1 0ml) solution of 2,2-dimethylcyclopropanecarbonylchlo- 
ride (1 .05mg, Bmmol), which was in turn stirred at the room temperature for 4 hours. After the reaction having been 
completed, the solvent was distilled out under reduced-pressure condition and the resultant was extracted with ethyl 
acetate, and after having been washed, dried and concentrated according to the conventional manner, then the result- 
ant was purified by way of the silica gel chromatography (ethyl acetate hexane), thus obtained an objective amide 
55 compound (40:R2= 2,2-dimethylcyclopropane) in the form of a white crystal (1 95g, 67%). 

1 H-NMR (300MHz, DMSO-d6) 5 -0 76-0 83 (1H, m), 0.95-1 02 (1H, m), 1 17 (3H, s), 1.19 (3H, s), 1 55 (9H, brs), 
1.60-1.66 (1H, m), 6 92 (1H, d, J=9.1Hz), 6 99 (2H, d J=8.7Hz), 7.44 (2H, d, J=8 7Hz), 8 03 (1H, dd, J=9 1, 3.8Hz), 
8.30 (1H, d, J=3.8Hz), 9.33 (1H, s), 10.20 (1H, s). 
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Process 5: 

[0138] An ethanol (50ml) solution of the amide compound (40:R2= 2,2-dimethylcyclopropane) (8g, 20mmol) obtained 
in the process 4 was added with 4M hydrochloric acid-dioxane solution (20ml) and stirred at the room temperature for 
5 20 hours. After the reaction having been completed, the solvent was distilled out under reduced -pressure condition, 
and then dimethyl ether (50ml) was added into the resultant to be crystallized, thus obtained an objective hydrochloride 
of the amine body (41:R2= 2,2-dimethylcyclopropane) in the form of a brown crystal (7.24g, yield of 98% as 
2hydrochloride). 

1 H-NMR (300MHz, DMSO-d6) 5 =0.78 (1 H, dd, J=7.8, 3.9Hz), 0.94-0.98 (1 H, m), 1 .12 (3H, s), 1 .14 (3H, s), 1 .66 (1 H, 
10 dd, J=7.8, 5.1Hz), 7.03 (1H, d, J=9.0Hz), 7.18 (2H, d, J=8.7Hz), 7.40 (2H, d, J=8.7Hz), 8.09 (1H, dd, J=8.7, 2.7Hz), 
8.34 (1H, d, J=2.7Hz), 10.00-10.06 (2H, br), 10.36 (1H, s). 

Process 6: 

is [0139] A methylene chloride solution (10mJ) of the hydrochloride (111mg ( 0.33mmlo) of the amine compound (41: 
R2= 2,2-dimethylcyclopropane) obtained in the process 5 was added with triethylamine (202mg, 2.0mmol) and cooled 
in the ice bath, into which the methylene chloride solution (5ml) of benzoylchloride (72mg, 0.51 mmol) was dropped. 
After the reaction was completed, the resultant was concentrated, extracted with methylene chloride, and after having 
been washed, dried and concentrated according to the conventional manner, then purified by way of the silica gel 

20 column chromatography (methylene chloride, methanol), thus obtained a compound of example 31 (117mg). 

H-NMR (300MHz, DMSO-d6) 5 =0.79-0.83 (1H, m), 0.99 (1H, t J=4.5Hz), 1.16 (6H, d, J=6.5Hz), 1.66 (1H, t, 6.5Hz), 
6.97 (1 H, d, J=9.2Hz), 7.08 (2H, dd, J=2.1 , 6.5Hz), 7.51 -7.60 (3H, m), 7.77 (2H, dd, J-2.1 , 6.5Hz), 8.07 (1 H, dd, J=2.7, 
9.2Hz), 8.32 (1H, d, J=2.7Hz), 10.2 (1H, s), 10.4 (1H, s). MS(ESI) m/z 402(M+H) + . 

25 (Example 32) 

[01 40] According to the same method as of the process 6 of example 31 , a compound of example 32 was synthesized 
by using phenyl-acetylchloride and the hydrochloride of the amine compound (41 ) obtained in the process 5 of example 
31 as a starting material. 

30 1 H-NMR (300MHz, DMSO-d6) 6 =0.79-0.83 (1 H, m), 0.99 (1 H, t, J=4.5Hz), 1 .1 6 (6H, d, J=6.5Hz), 1 .66 (1 H, t, J=6.5Hz), 
3.62 (1 H, s), 6.91 (1 H, d, J=9.2Hz), 7.02 (2H, d, J=6.5Hz), 7.21 -7.37 (5H, m), 7.59 (2H t d, 6.5Hz), 8.04 (1 H, dd. J=2.7, 
9.2Hz), 8.30 (1H, d, J=2.7Hz), 10.2 (2H, d. 6.0Hz). MS(ESI) m/z 416(M+H) + . 

(Example 33) 

35 

[0141] According to the same method as of the process 6 of example 31 , a compound of example 33 was synthesized 
by using 4-chlorophenylacetylchloride and the hydrochloride of the amine body (41) obtained in the process 5 of ex- 
ample 31 as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 5 =0.76-0.83 (1H, m), 0.95-1.02 (1H, m), 1.17 (3H, s), 1.19 (3H, s), 1 .60-1.66 (1H, m), 
40 3.65 (2H, s), 6.94 (1H, d, J=9.1Hz), 7.03 (2H, d, J=8.7Hz), 7.34-7.42 (4H, m), 7.59 (2H, d, J=8.7Hz), 8.05 (1H, dd, 
J=9.1, 3.8Hz), 8.30 (1 H, d, J=3.8Hz), 10.20 (1H, s). MS(ESI) m/z 450(M+H) + . 

(Example 34) 

[0142] According to the same method as of the process 6 of example 31 , a compound of example 34 was synthesized 
by using 4-methoxyphenylacethylchrolide and the hydrochloride (41) obtained in the process 5 of example 31 as a 
starting material. 

1H-NMR (300MHz, CDCI 3 ) 8 =0.72-0.76 (1H, m), 1.17-1.22 (7H, m), 1.38-1.49 (1H, m), 3.69 (2H, s), 3.81 (3H, s), 
6.79-6.90 (4H, m), 6.99 (2H, d, J=8.7Hz), 7.26-7.33 (2H, m), 7.40 (2H, d, J=8.7Hz), 7.64 (1H, s), 8.06 (1H, s). MS(ESI) 
50 m/z 446(M+H)+ 

(Example 35) 

[01 43] According to the same method as of the process 6 of example 31 , a compound of example 35 was synthesized 
55 by using 3,4-dimethoxyphenylacethyIchrolide and the hydrochloride (41) obtained in the process 5 of example 31 as 
a starting material. 

1 H-NMR (300MHz, DMSO-d6) 5=0.79-0.83 (1 H, m), 0.989 (1 H, t, J=4 5Hz), 1 .16 (6H, d, J=6.5Hz), 1 .66 (1 H, t, 6.5Hz), 
3.55 (2H, s), 3.62 (3H, s), 3.77 (6H, s), 6.65 (2H, s), 6.93 (1H, d, J=9.2Hz), 7.02 (2H, dd, J=2.1 , 6.5Hz), 7.60 (2H, d, 
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J=6.5Hz), 8 04 (1H, dd, J=2 7, 9 2Hz), 8 30 (1H, d, J=2 7Hz), 10.2 (1H, s), 10 4 (1H, s). MS(ESI) m/z 506(M+H) + . 
(Example 36) 

5 [01 44] According to the same method as of the process 6 of example 31 , a compound of example 36 was synthesized 
by using 3,4,5-trimethoxyphenylacethylchrolide and the hydrochloride (41) obtained in the process 5 of example 31 
as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 6 =0.79-0.83 (1 H, m), 0.989 (1 H, t, J=4.5Hz), 1.16 (6H, d, J=6.5Hz), 1 .66 (1 H, t, 6.5Hz), 
3.55 (2H, s), 3.71 (6H, d, J=6.0Hz), 6.83-6.95 (5H, m), 7.02(2H, d, J=9.2Hz), 7.59 (2H, d, J=9.2Hz), 8.04 (1H, dd, 
10 J=2.7, 9.0Hz), 8.30 (1 H, d, J=2.7Hz), 10.1 (1H, s), 10.2 (1H, s). MS(ESI) m/z 476(M+H)+. 

(Example 37) 

[0145] A methylene chloride solution (10ml) of the hydrochloride (254mg, 0.76mmol) of the amine compound (41) 
15 obtained in the process 5 of example 31 was added with tnethylamine by 0.15ml and cooled in the ice bath, which was 
in turn further added with 4-phenylbutyric acid (144mg, 0.88mmol), WSC • HCl (173mg, 0.90mmol) and stirred over 
night After the reaction having been completed, the resultant was concentrated and separately purified by way of the 
silica gel chromatography, thus obtained a compound (277mg) of example 37. 

1 H-NMR (300MHz : DMSO-d6) 5 =0.79-0.83 (1H, m), 0.989 (1H, t, J=4.5Hz), 1.16 (6H, d, J=6.5Hz) : 1.66 (1H, t, 
20 J=6.5Hz). 1 86-1 .95 (2H, m), 2 32 (2H. t, J=7.5Hz), 2.63 (2H, t. J=7.5Hz), 6.94 (1 H, d, J=9.0Hz), 7.01 (2H, dd, J=1 .4Hz), 
7.17-7 24 (5H, m), 8.05 (1H, d, J=9.0Hz), 8.30 (1H, s), 9.89 (1H, s), 10.2 (1H, s). MS(ESI) m/z 444(M+H) + . 

(Example 38) 

25 [0146] A DMF solution (10rnl) of the hydrochloride (120mg, 0.36mmol) of the amine compound (41) obtained in the 
process 5 of example 31 was added with triethylamine (50 u. 1 , 0.36mmol), potassium carbonate (105mg, 0.76mmol), 

2- buromoethylbenzene (58 u, 1 , 0.43mmol) and sodium iodide (89mg, 0.59mol) to cause a reaction at 90°C. After the 
reaction was completed, the resultant was extracted with methylene chloride, and then washed with a saturated saline 
solution, dried and concentrated, and then purified by way of the silica gel thin layer chromatography. A 4M-HCI ethyl 

30 acetate solution was applied to this resultant in an ether solvent, thus obtained a compound (13mg) of example 38 as 
hydrochloride salt. 

1 H-NMR (300MHz, DMSO-D6) 5=0.78-0.84 (1H, m), 0.94-1 .00 (1 H, m), 1.15 (3H,s), 1.18 (3H, s), 1 63-1.68 (1H, m), 
2.90-3.00( 4H, m), 7.02 (1H, d, J=9.2Hz), 7.15 (2H, d. J=8.0Hz), 7.29-7.32 <7H, m), 8.09 (1H, d, J=9.2Hz), 8.36 (1H, 
d, J=2.8Hz), 1 0.7 (1 H, s). MS(ESI) m/z 402(M+H)+, 400(M-H)'. 

35 

(Example 39) 

[0147] According to the same method as of example 38, a compound of example 39 was synthesized by using 

3- phenylpropylbromide and the hydrochloride of the amine compound (41) obtained in the process 5 of example 31 
40 as a starting material. 

1 H-NMR (300MHz, DMSO-d6) 5 =0.78-0.84 (1H, m) : 0.94-1.00 (1H, m), 1.14 (3H, s), 1.16 (3H, s), 1.63-1.68 (1H, m), 
1 .92-2.00 (2H, m), 2.68-2.71 (2H, m), 3.21 -3.28 (2H, m), 7.04 (1 H, d, J=8.7Hz), 7.1 3-7.23 (5H, m), 7.29 (2H, d, J=7.0Hz), 
7.46 (2H, d, J=7.0Hz), 8.10 (1H, d, J=2.8, 8.7Hz), 8.35 (1H, d, J=2.8Hz), 10.3 (1H, s). MS(ESl) m/z 416(M+H) + , 414 
(M-H)". 

45 

(Example 40) 

[01 48] A dichloromethane solution (5ml) of the hydrochloride (1 1 1 mg, 0.3mmot) of the amine compound (41 ) obtained 
in the process 5 of example 31 was added with triethylamine (1 01 mg, 1 mmol) and phenylisocyanate (60mg, 0.5mmol) 
50 and stirred at the room temperature for 20 hours. The generated precipitate was filtered to be taken, thus obtained a 
compound of example 40 (23mg, 18%) of a urea compound. 

1 H-NMR (300MHz, DMSO-d6) 5 =0.76-0.82 (1H, m), 0.97-1.00 (1H, m), 1.14 (3H, s), 1.16 (3H, s), 1.62-1.66 (1H, m), 
6.92-7.05 (4H, m), 7.28 (2H, t, J=8.7Hz), 7.45 (4H. d, J-8.7Hz), 8.05 (1H, dd, J=9.0, 2.7Hz), 8.30 (1H, d, J=2.4Hz), 
8.64 (1H, s), 8.66 (1H, s), 10.20 (1H, s). MS(ESI) m/z 415(M-H)\ 

55 

(Example 41) 

[01 49] A dichloromethane solution (5ml) of the hydrochloride (1 1 1 mg, 0.3mmol) of the amine compound (41 ) obtained 
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m the process 5 of example 31 was added with triethyJamine (101 mg, 1 mmol) and phenylisocyanate (68mg, O.Smmol) 
and stirred at the room temperature for 20 hours. After the reaction was completed, the resultant was concentrated, 
extracted with methylene chloride, and after having been washed, dried and concentrated according to the conventional 
manner, further purified by way of the silica gel column chromatography (ethyl acetate, hexane), thus obtained a com- 
5 pound (83mg, 64%) of example 41 . 

1H-NMR (300MHz, DMSO-d6) 5 =0.79-0.83 (1H, m), 0.97-1 .00 (1 H, m), 1.14 (3H, s), 1.17 (3H, s), 1.62-1.67 (1H, m), 
6.98 (1 H, d, J=8.7Hz), 7.05 (2H, d, J=8.7Hz), 7.13 (1 H 5 1, J=7.5Hz), 7.33 (2H, t, J=8.1 Hz), 7.45-7.51 (4H, m). 8.07 (1 H, 
dd, J=8.7, 2.7Hz), 8.32 (1H, d, J=2.7Hz), 9.76 (2H, broad s), 10.22 (1H, s). MS(ESI) m/z 431 (M-H). 

10 (Example 42) 

[01 50] A dichloromethane solution (5ml) of the hydrochloride (1 1 1 mg, 0.3mmol) of the amine compound (41 ) obtained 
in the process 5 of example 31 was added with triethylamine (202mg, 2mmol) and benzenesulfonylchloride (88mg, 
0.5mmol) and stirred at the room temperature for 20 hours. After the reaction having been completed, the resultant 
is was concentrated, extracted with methylene chloride, and after having been washed, dried and concentrated according 
to the conventional manner, further purified by way of the silica gel column chromatography (ethyl acetate, hexane), 
thus obtained a compound (43mg, 33%) of example 42. 

1H-NMR (300MHz, DMSO-d6) 8 =0.78-0.82 (1 H, m), 0.96-1 .00 (1 H, m), 1.13 (3H, s), 1.16 (3H, s), 1.61-1.66 (1H, m), 
6.90-6.97 (3H, m), 7.06 (2H, d, J=8.4Hz), 7.50-7.65 (3H, m), 7.75 (2H, d, J=8.1Hz), 8.04 (1H, dd, J=9.0, 2.7Hz), 8.27 
20 (1H, d, J=2.4Hz), 10.20 (2H, s). MS(ESI) m/z 438(M+H) + . 

(Example 43) 

[0151] According to the same method as of example 1 , and by using (S)-2 ; 2-dimethylcyclopropanecarbonyl chloride 
25 in the process 2, a compound of example 43 was synthesized. 

1H-NMR (300MHz, DMSO-d6) 5 =0.75-0.83 (2H, m), 0.96-1.01 (2H, m), 1.13-1.18 (12H, rn), 1.60-1.68 (2H, m), 6.93 
(1H, d, J=8.7Hz), 7.00 (2H, d, J=8.7Hz) s 7.60 (2H, d, J=8.7Hz), 8.05 (1H, dd, J=8.7, 2.7Hz), 8.31 (1H, d, J=2.7Hz), 
10.07 (1H,s) ; 10.20 (1H, s). [a]D=+1 23.7° (c=0.3, MeOH). 

30 (Example 44) 

[0152] According to the same method as of example 31 , and by using (S)-2,2-dimethylcyclopropanecarbonyi chloride 
in the process 4 and further using (R)-2,2-dimethylcyclopropanecarbonyl chloride in the process 6, a compound of 
example 44 was synthesized. 

35 1H-NMR (300MHz, DMSO-d6) 5 =0.75-0.82 (2H, m), 0.96-1.01 (2H, m), 1.13-1.18 (12H, m), 1.61-1.68 (2H, m), 6.93 
(1H, d, J-8.7HZ), 7.00 (2H, d : J=8.7Hz), 7.60 (2H, d, J=8.7Hz), 8.05 (1H, dd, J=8.7, 2.7Hz), 8.31 (1H, d, J=2.7Hz), 
10.07 (1H, s), 10.21(1 H,s). 

(Example 45) 

40 

[01 53] According to the same method as of example 31 , and by using (R)-2,2-dimethylcyclopropanecarbonyl chloride 
in the process 4 and further using (S)-2,2-dimethylcyclopropanecarbonyl chloride in the process 6, a compound of 
example 45 was synthesized. 

1H-NMR (300MHz, DMSO-d6) 5 =0.75-0.82 (2H, m), 0.96-1.01 (2H, m), 1.13-1.18 (12H, m), 1.61-1.68 (2H, m), 6.93 
45 (1H, d, J-8.7HZ), 7.00 (2H, d ; J=8.7Hz). 7.60 (2H, d, J=8.7Hz), 8.05 (1H } dd, J=8.7 f 2.7Hz), 8.30 (1H, d, J=2.7Hz), 
10.07 (1H,s), 10.20 (1H,s). 

(Example 46) 

50 [0154] According to the same method as of example 1 , and by using (R)-2,2-dimethylcyclopropanecarbonylchloride 
in the process 2, a compound of example 46 was synthesized. 

1H-NMR (300MHz, DMSO-d6) 5=0.75-0.82 (2H, m), 0.96-1.00 (2H, m), 1.13-1.18 (12H, m), 1.61-1.68 (2H, m), 6.92 
(1H, d, J=8.7Hz), 6.98 (2H, d, J-8.7Hz), 7.58 (2H 5 d, J=8.7Hz), 8.03 (1H, dd, J=8.7, 2.7Hz), 8.29 (1H, d, J=2.7Hz), 
10.06 (1H, s), 10.19 (1H, s). [ot]D=-146.5° (c=0.17, MeOH). 
55 Those compounds synthesized in examples 1 to 46 are shown as follows: 
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(Example 47) 

Evaluation of the NF-kappa B inhibition 

45 [0155] Cells used for the tests were those prepared by stably introducing E. coli p-galactosidase ((3-gai) genes driven 
by SV 40 minimum promoter fused with 6 tandems of the NF-KappaB binding motif derived from immunoglobulin kappa 
light chain enhancer into human normal umbilical cord vein endothelial ceils (HUVEC) immortalized with SV 40 large 
T antigen. The cells were subcuitured in RPMI medium containing 10 % of FBS, and were seeded on a 96-well plate 
in a concentration of 1 x 1 0 4 /well on a day before the start of the experiments. A compound of the present invention 

50 was dissolved in DMSO to obtain a solution of a proper concentration, which was added into the 96-well plate so that 
the final DMSO concentration would be not higher than 1 %. 30 minutes after the addition of the compound, in order 
to induce NF-kappa B transcriptional activity, 1 ng/ml of IL-1 p was added to each well so as to obtain the final concen- 
tration of 50 ng/ml. (J-gal activity was determined 16 hours after with a chemiluminescent substrate (Galacton-Light- 
Plus: Boehringer Mannheim) according to a protocol attached to the reagent. A Luminescence detector (ATTO) was 

55 used for the determination. In this evaluation system, p-gal activity induced by IL-1 p. was substantially completely 
inhibited by glucocorticoid. 

[0156] In the above evaluation, the compounds of the present invention exhibited the inhibiting effects. 
[0157] The evaluation results for the compounds of the present invention are shown in Table 1 . 



45 



BNSDCC/D' <EP 1 t93255A1_L> 



EP 1 193 255 A1 



Table 1 



10 



15 



20 



25 



30 



35 



1 col UUHipUUIIU 


MPkR inhihitinn flr-tivitv If^f) fnn/mh 

INI PvLJ 1 1 1 1 1 Ik/1 LI U I 1 dOLIVIty IwJU IU.^/IIII^ 


□ A a i l l^ffc? i 


0 *5 

<-/ . vJ 




0. 3 


Example 3 


0. 8 


Example 4 


1 


Example 5 


0. 9 


Example 6 


0. 4 


Example 7 


1 . 5 


Example 8 


1. 5 


L — . /V CI 1 I 1 1 V, 


0. 7 


Fyannnlp 1 4 

I Ani i i c i *t 


0 0 15 




n 1 t; 


Pyamnlp PR 




Fyamolp PQ 

1 — Awl 1 l|^IC> t-C 




Fxamolp 3 1 

l_ Aul 1 Imi W W 1 


1 5 


Example 32 


0. 1 


Example 33 


0. 2 


Example 34 


0. 3 


Example 37 


0. 0 9 


Example 38 


0. 0 5 


Example 39 


0.035 


Example 43 


0. 2 5 


Example 44 


0. 1 


Example 45 


1 



40 



45 



50 



55 



(Example 48) 

Evaluation of AP-1 inhibition: 

[0158] Cells used for the tests were those prepared by stably introducing E. coli p-galactosidase(p-gal) genes driven 
by SV 40 minimum promoter fused with 4 tandems of the AP-1 binding motif derived from human MMP-1 gene enhancer 
into human normal umbilical cord vein endothelial cells (HUVEC) immortalized with SV 40 large T antigen. The cells 
were subcultured in RPMI medium containing 10 % of FBS, and were seeded on a 96-well plate in a concentration of 
1 x 1 0 4 /well on a day before the start of the experiments. A compound of the present invention was dissolved in DMSO 
to obtain a solution of a proper concentration, which was added into the 96-well plate so that the final DMSO concen- 
tration would be not higher than 1 %. 30 minutes after the addition of the compound, phorbol-12-myristate-13-acetate 
(PMA) was added to each well so as to obtain the final concentration of 50 ng/ml. p-gal activity was determined 16 
hours after with a chemiluminescent substrate (Galacton-Light-Plus: Boehringer Mannheim) according to a protocol 
attached to the reagent. A Luminescence detector (ATTO) was used for the determination. In this evaluation system, 
p-gal activity induced by PMA was substantially completely inhibited by glucocorticoid which is a known AP-1 inhibitor. 
[0159] The compounds of the present invention exhibited the inhibition effect in these tests. 

(Example 49) 

[0160] An antibody titer inhibition test and a delayed-type hyper-sensitivity reaction inhibition test 
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[0161] Rhesus monkeys (female, aged four to six) subjected to the test were sensitized with 6Lf of TTx (Tetanus 
Toxoid) both in the back skin and in the femu r muscle under anesthesia by an intramuscular injection of ketamine. The 
subject drug at the dose of 50rng/kg had been administered twice daily (7:00am and 7:00pm) for 4 weeks starting at 
the day of TTx sensitization. The drug was suspended with 0.5% Tween 80 solution and was orally administered using 

5 a gastric catheter. The control animals were administered with the vehicle in the same manner as those for the test 
article. One ml of blood was drawn from femoral vein of each animal twice a week to obtain sera with which the anti-TTx 
antibody titer was evaluated by the ELISA method. The antibody titer was determined with OD of serially-diluted serum 
from 1 :100 by 2 times and was defined as the degree of dilution reaching to "an average OD of the antibody before 
immunization +2xSD". One hour after the final administration in the morning on day 28, TTx was challenged once in 

10 the thoracic skin (10, 3, 1 , 0.3, 0.1, 0.03Lf/ml, 10 uJ/site), and skin reactions at the injection sites were observed 24 
and 48 hours after the TTx challenge. The delayed-type hypersensitivity reaction was scored according to the Draize 
dermal test criteria. 

[0162] In the above evaluation, the compound of example 43 exhibited its inhibiting effect in both of the antibody 
titer and the delayed-type hypersensitivity reaction. 

15 [0163] As is apparent from the result described above, the compounds of the present invention have an activity for 
inhibition the AP-1 or NF-KappaB activation, and thus are useful in providing the cure againstthe inflammatory diseases 
which might be involved in activation of those transcription factors. That is to say, the compounds of the present in- 
vention are useful as an anti-inflammatory agent, an anti-rheumatism agent, and immunosuppressive agent, a cancer 
metastasis inhibitor, and anti-viral agent or a therapeutic agent for arterial sclerosis, which can inhibit a number of gene 

20 expression, such as inflammatory cytokines, matrix metalloproteases, inflammatory cell adhesion molecules. Moreover, 
the compounds of the present invention are advantageously useful because they are free from side effects derived 
from hormonal action which has been observed in glucocorticoid. 



25 Claims 

1 . A heterocyclic compound represented by the following general formula (I) and a pharmaceutical^ acceptable salt 
thereof: 

30 

0 

R 1 ^M— A^ X ^B-ljl^ <CH 2 ) n— R 4 

35 R 2 R 3 

( I ) 

40 wherein R 1 is a cycloalkyl group, a cycloalkyl group having a substituent(s), a cycloalkenyl group or a cycloalkenyl 

group having a substituent(s); each R 2 and R 3 is a hydrogen atom or an alkyl group; R 4 is an alky} group, an alkyl 
group having a substituent(s), an alkenyl group, an alkenyl group having a substituent(s), a cycloalkyl group, a 
cycloalkyl group having a substituent(s), a cycloalkenyl group, a cycloalkenyl group having a substituent(s), an 
aryl group, an aryl group having a substituent(s), an aromatic heterocyclic group having at least one hetero-atom 

45 within a ring or an aromatic heterocyclic group having a substituent(s) and at least one hetero-atom within a ring; 

A is a heterocyclic ring or a heterocyclic ring having a substituent(s); B is an aromatic ring, an aromatic ring having 
a substituent(s), a heterocyclic ring or a heterocyclic ring having a substituent(s); n is an integer selected from 0 
to 6; -Y- is an interatomic bond, -CO-, -CO-O-, -CO-NR 5 -, -CS-NR 6 -, -SO-, -S0 2 -, wherein each of R 5 and R 6 
respectively is a hydrogen atom or an alkyl group; wherein -X- is an interatomic bond, -O-, -O-CHR 7 -, -CHR 8 -0-, 

so -O-CO-, -CO-O-, -O-CS-, -CS-O-, -S-, -SO-, -S0 2 -, -S-CHR 9 -, -CHR 10 -S-, -S-CO-, -CO-S-, -S-CS-, -CS-S-, 

-S0 2 -NR 11 -, -IMR 12 -S0 2 -, -NR 13 -, -NR 14 -CHR 15 -, -CHR 16 -NR 17 -, -CO-, -C(=NOR 18 )-, -C(=CHR 19 )-,-CO-CHR 20 -, 
-CHR21-CO-, -CO-NR22-, -NR23-CO-, -CR 24 R25-, -CHR26-CHR27-, _CR28 =C R29. 5 -O-CHR30-CHR31-, wherein 
each of R 7 , R* R9 R™, R'5 R16 R20 } r21, r24 r28 ( r29 R 30 and R 31 respectively is either of a hydrogen atom 
or an alkyl group; each of R 11 , R 12 , R13 r14 ri7 r18 } ri9 ( r22 anc j r23 respectively is either of a hydrogen atom, 

55 an alkyl group or an acyl group; each of R 26 and R 27 respectively is either of a hydrogen atom, a hydroxy group 

or an alkyl group; and R 2 $ is a hydrogen atom, a hydroxy group, an alkyl group, an alkyl group having a substituent 
(s), a mercapto group, an alkoxy group, an alkylthio group, an acyloxy group, an amino group, an alkylamino group, 
an amino group substituted with an amino protective group, a carboxyl group, an alkoxycarbonyl group, an ami- 



47 



BNSDOCID. <EP. 



.1193255A1_I_> 



EP1 193 255 A1 



nocarbonyl group, or a cyano group. 

2. The heterocyclic compound and pharmaceutical^ acceptable salt thereof according to claim 1 . wherein R 1 in the 
general formula (I) is a cycloalkyl group having a substituent(s). 

5 

3. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 1 , wherein R 1 of the 
general formula (I) is a cyclopropyl group having a substituent(s). 

4. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 1 , wherein R 1 of the 
10 general formula (I) is either of a 2,2-dimethylcyclopropyl group, a 2,2-dichlorocyclopropyl group, a 2,2-difluorocy- 

clopropyl group or a 2.2-dibromocyclopropyl group. 

5. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 4, wherein, in the 
general formula (I), A is either of an aromatic heterocyclic ring or an aromatic heterocyclic ring having a substituent 

15 (s) 3 and B is either of an aromatic ring, an aromatic ring having a substituent(s), an aromatic heterocyclic ring or 

an aromatic heterocyclic ring having a substituent(s). 

6. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 5, wherein -Y- of the 
general formula (I) is an interatomic bond, -CO-, -CONR 5 -, CSNR 6 - or -S0 2 -, wherein each of R 5 and R 6 respec- 

20 tively is a hydrogen atom or an alkyl group. 

7. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 1, wherein, in the 
general formula (I), -X- is an interatomic bond, -O-, -O-CHR 7 -, -CHR 8 -0-, -S-, -NR 13 -, -CR 24 R 25 - or 
-O-CHR^-CHR 31 -, wherein each of R 7 , R 8 , R 24 , R 30 and R 31 respectively is a hydrogen atom or an alkyl group, 

25 R13 j s either of a hydrogen atom, an alkyl group or an acyl group; and R 25 is a hydrogen atom, a hydroxy group, 

an alkyl group, an alkyl group having a substituent(s), a mercapto group, an alkoxy group, an alkylthio group, an 
acyloxy group, an amino group, an alkylamino group, an amino group substituted with an amino protective group, 
a carboxyl group, an alkoxycarbonyl group, an aminocarbonyl group, or a cyano group. 

30 8. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 7, wherein, in the 
general formula (I), A is either of a pyridine, a pyridazine, a pyrimidine, a pyridine having a substituent(s), a pyri- 
dazine having a substituent(s) or a pyrimidine having a substituent(s); and B is a benzene ring or a benzene ring 
having a substituent(s). 

35 9. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 8 wherein R 1 and 
R 4 of the general formula (I) may be the same or different from each other and each may be either of a 2,2-dimeth- 
ylcycJopropyl group, a 2,2-dichlorocyclopropyl group, a 2,2-difluorocyclopropyl group or a 2,2-diburomocyclopropyl 
group; -Y- is -CO-; and n is 0. 

40 10. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 8, wherein R 1 of the 
general formula (I) is either of a 2,2-dimethylcyclopropyl group, a 2,2-dichlorocyclopropyl group, a 2,2-difluorocy- 
clopropyl group or a 2,2-dibromocyclopropyl group; R 4 is an aryl group or an aryl group having a substituent(s); 
-Y- is -CO-; and n is an integer selected from 1 to 3. 

11. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 8, wherein R 1 of the 
general formula (I) is either of a 2,2-dimethylcyclopropyl group, a 2,2-dichlorocyclopropyl group, a 2,2-difluorocy- 
clopropyl group or a 2,2-dibromocyclopropyl group, R 4 is an aryl group or an aryl group having a substituent(s); 
-Y- is an interatomic bond; and n is an integer selected from 2 to 4. 

50 12. The heterocyclic compound and pharmaceutically acceptable salt thereof according to any one of claims 3 to 11 , 
wherein when R 1 of the general formula (I) is a cyclopropyl group having a substituent(s), an absolute configuration 
of the carbon atom on the cyclopropyl group adjacent to the carbonyl group is S. 

13. The heterocyclic compound and pharmaceutically acceptable salt thereof according to any one of claims 3 to 11 , 
55 wherein when R 1 of the general formula (I) is a cyclopropyl group having a substituent(s), an absolute configuration 

of the carbon atom on the cyclopropyl group adjacent to the carbonyl group is R 

1 4. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 9. wherein when each 
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of R 1 and R 4 of the general formula (I) is a cyclopropyl group having a substituent(s), an absolute configuration of 
the carbon atom on the cyclopropyl group adjacent to the carbonyl group is S. 

15. The heterocyclic compound and pharmaceutically acceptable salt thereof according to claim 9. wherein when each 
5 of R 1 and R 4 of the general formula (I) is a cyclopropyl group having a substituent(s), an absolute configuration of 

the carbon atom on the cyclopropyl group adjacent to the carbonyl group is R. 

16. A heterocyclic compound and a pharmaceutically acceptable salt thereof represented by the following formulas: 

10 
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17. The heterocyclic compound and pharmaceutical^ acceptable salt thereof according to claim 1, wherein B is a 
55 phenylene group; R 1 is a cycloalkyl group having a substituent(s) or a cycloalkenyl group having a substituent(s); 

R 2 is a hydrogen atom or an alky! group; R 3 is a hydrogen atom or an alkyl group; R 4 is an alkyl group which may 
be substituted, a cycloalkyl group which may be substituted, a cycloalkenyl group which may be substituted, an 
aryl group which may be substituted or an aromatic heterocyclic ring group which may be substituted and also has 
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one or more hetero atoms: -X- is -O, -O-CHR 7 -, -CHR 8 -0-, -O-CO-, -CO-O-, -O-CS-, -CS-O-, -S-, -SO-, -S0 2 -, 
-S-CHR 9 -, -CHR 10 -S-, -S-CO-, -CO-S-, -S-CS-, -CS-S-, -S0 2 -NR 11 -, -NR 12 -S0 2 -, -NR 13 -, -NR 14 -CHR 15 -, 
-CHR 16 -NR 17 -, -CO-. -C(=NOR 18 )-. -C(=CHR 19 )-. -CO-CHR 2 <>-. -CHR21-CO-, -CO-NR 22 -, -NR 23 -CO-. -CR 24 R 25 -. 
-CHR 26 -CHR 27 -or-CR 28 =CR 2 9 wherein each of R 7 , R 8 . R 9 R 10 , R 20 , R 21 , R 24 R 28 and R 29 is either of a hydrogen 

5 atom or an alkyl group: each of R 11 , R 12 , R 13 , R 14 , R 17 . R 18 , R 19 . R 22 and R 23 is either of a hydrogen atom, an 

alkyl group or an acyl group: each of R 15 and R 16 is a hydrogen atom or an alkyl group; each of R 26 and R 27 is 
either of a hydrogen atom, a hydroxy group or an alkyl group; and R 25 is a hydrogen atom, a hydroxy group, an 
alkyl group which may be substituted, a mercapto group, an alkoxy group, an alkylthio group, an acyloxy group, 
an amino group which may be substituted with an alkyl group or an amino protective group, a carboxyl group, an 

10 alkoxycarbonyl group, an ammocarbonyl group, or a cyano group; wherein n is an integer selected from 0 to 6; Y 

is -C(O)-; and A is the aromatic heterocyclic ring including at least one or more nitrogen atom. 

18. A pharmaceutical composition comprising as an active ingredient a heterocyclic compound or a pharmaceutical^ 
acceptable salt thereof according to any one of claims 1 to 1 7. 

15 

19. An AP-1 activation inhibitor or a NF-kappaB activation inhibitor comprising as an active ingredient a heterocyclic 
compound or a p harm ace utically acceptable salt thereof according to any one of claims 1 to 17. 

20. An inflammatory cytokine production inhibitor, a production inhibitor for matnx metalloprotease or an inflammatory 
20 cell adhesion factor expression inhibitor comprising as an active ingredient a heterocyclic compound or a phar- 

maceuticaHy acceptable salt thereof according to any one of claims 1 to 17. 
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